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Lyme disease (LD), a tick-borne disease caused by the bacterium spirochete Borrelia 
burgdorferi, is the most commonly occurring tick-borne illness in the United States with the 
majority of cases concentrated in the Northeast. In Maine, as well as the rest of North America, 
LD is transmitted to humans via infected black-legged ticks (Ixodes scapularis). As the life cycle 
of the black-legged tick is tightly coupled with forest ecosystems, prevalence of the disease is 
common in endemic forest landscapes, and individuals spending time in these areas face an 
increased risk of exposure to LD as well as other tick-borne diseases. While the current literature 
has documented the knowledge, attitudes, and beliefs of general populations in endemic 
communities, minimal research has been conducted among populations that frequently engage 
with peridomestic landscapes for recreation or land management purposes. This research aimed 
to fill that gap, by exploring the perceptions of LD interventions at both the personal preventative 
behavior and land management level, with an emphasis on characterizing the factors that 
influence individual behavior.  
Using an integrative theoretical framework, we examined recreationist performance of 
three widely promoted LD preventative behaviors: (1) protective clothing behavior, (2) repellent 
use behavior, and (3) tick check behavior (Chapter 2). Recreationist data was collected using an 
intercept survey method at Bradbury Mountain State Park, a popular recreation destination for 
both in-state and out-of-state visitors (n = 401). Results from this study established self-efficacy, 
method efficacy, risk, and benefits as key determinants in the adoption of LD preventative 
behavior, supporting the inclusion of these constructs in future health behavior research. In 
identifying the determinants associated with the LD preventative behaviors of interest – and 
those that are not – these findings present implications to both theory and practice. In contrast to 
traditional public health outreach initiatives, tick-related knowledge and experience did not have 
a strong influence on individual preventative behavior. In identifying the determinants associated 
with the LD preventative behaviors of interest – and those that are not – these findings present 
implications to both theory and practice.  
We also conducted an exploratory inquiry into the factors influencing private woodland 
owners’ (PWOs) land management decisions, particularly as they relate to LD management 
(Chapter 3). A quantitative survey instrument designed to assess the factors influencing PWOs’ 
personal perceptions of ticks and LD and land management decisions was distributed to PWO’s 
in Cumberland County (n = 355). Results from this research highlighted the internal diversity of 
PWOs, documenting a wide range of management attitudes and objectives. Findings 
demonstrated PWOs’ orientations toward LD management to be significantly associated with 
several socio-demographic and land-ownership characteristics, supporting the inclusion of 
demographic data in future PWO behavior research.  
By studying the factors underlying a variety of intended behaviors related to LD 
prevention this research aimed to provide a human dimensions lens for understanding 
preventative action in hopes that public health officials and policy makers can employ this 
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1.1 Background of Lyme Disease 
Over the last three decades, tick-borne diseases (TBDs) have spiked in both prevalence 
and severity across the United States. Today, diseases transmitted by hard-bodied ticks are 
considered to be the infectious diseases of highest public health concern in the U.S. (Institute of 
Medicine Committee on Lyme Disease and Other Tick-Borne Diseases, 2011). Lyme disease 
(LD), a TBD caused by the bacterium spirochete, Borrelia burgdorferi, and transmitted by the 
black-legged tick (Ixodes scapularis), poses a particularly unique risk to the state of Maine. A 
variety of environmental and human-related factors have resulted in a drastic rise in the number 
of new cases of LD in the state over the last 20 years. 
Across the United States, approximately 30,000-40,000 cases are reported annually to the 
National Notifiable Disease Surveillance System (NNDSS). However, substantial underreporting 
occurs, as is typical for passively reported surveillance data. As the burden of LD continues to 
overwhelm governmental health authorities, many endemic states have discontinued their case 
reporting programs altogether. Thus, incidence of LD has become increasingly difficult to 
monitor though standard national surveillance.  
Researchers now believe that NNDSS figures represent a ten-fold under-estimate of the 
actual number of LD cases (Naleway et al., 2002). Studies using insurance claims data likely 
offer the most accurate depiction of LD incidence, with the most recent figures suggesting 
≈476,000 new LD cases in the United States each year (Kugeler et al., 2021). This figure 
represents a significant increase from the estimate of ≈329,000 annual diagnoses for the period 
of 2005-2010 (Schwartz et al., 2017). And yet, these projected to rise in years to come, as the 
impacts of climate change, land conversion, and human activity continue to expand the 
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geographic range of black-legged ticks and heighten the potential for human exposure (Allan et 
al., 2003; Brownstein et al., 2005; Dumic & Severnini, 2018; Simon et al., 2014). 
1.2 Lyme Disease and Human Health 
The impact of LD on communities in endemic areas is significant, both from a public 
health and economic perspective. Cases of LD often go undiagnosed and untreated, due to a 
variety of medical limitations. Current diagnostic procedures that rely on antibody presence often 
fail to detect LD cases in both early and late stages of the disease (Steere et al., 2008). 
Community clinics frequently misattribute the symptoms of LD to other medical conditions 
ranging from spider bites, to shingles, to rheumatoid arthritis (Aguero-Rosenfeld & Wormser, 
2015). As presentation of the disease can vary greatly by individual, particularly in patients in 
the later-stages of the disease, differential diagnosis is relatively common. Furthermore, without 
a market-available option for a LD vaccine, proactive medical interventions are not accessible 
for individual prevention (Seidel et al., 2007). These gaps in our medical understanding of the 
disease often leave individuals with untreated or misdiagnosed LD and can result in debilitating 
and potentially fatal symptoms (Dumes, 2020; Kobayashi et al., 2019). These medical costs and 
lost worker productivity lead to significant economic costs of LD on society (Mac et al., 2019).  
Due to the poorly understood and difficult-to-manage nature of the disease, it is widely 
acknowledged that changing human behavior to prevent exposure and tick bites is the most 
effective and viable option for disease management (Eisen et al., 2012; Puppo & Préau, 2019). 
This research was designed to provide a preliminary understanding of the human dimensions 
(HD) of LD and offers important insights into the ways in which individuals are thinking about 
and responding to the current landscape of LD risk. Specifically, this research aimed to 
characterize the psychosocial determinants of recreationists’ preventative behavior as well as the 
3 
economic, environmental, and social factors that drive private woodland owners (PWOs) 
management decisions. 
1.3 Lyme Disease Prevention and Management 
When considering the research objectives outlined for this project, it is important to 
review prior research concerning individuals’ perceptions of LD. In doing so, the novel insights 
this research hopes to provide will be identified, demonstrating how this work fits within the 
larger field of study. Due to the wide range of the disease in temperate climate zones across 
North America and Europe, and its increasing burden on afflicted communities, LD has been 
prioritized by health organizations across the globe, including the World Health Organization 
(Mac et al., 2019). This growing risk has been accompanied by a growing body of literature 
aimed at disease management and prevention.  
Strategies for LD management and prevention can be divided into two distinct classes: 
those targeting human populations, and those targeting tick populations. This research examined 
aspects of strategies for both classes of LD prevention and management. Thus, for the purposes 
of this literature review strategies targeting human populations are classified as prevention 
strategies, and those targeting tick populations are classified as management strategies.  
1.3.1 Lyme Disease Prevention: Targeting Human Behavior 
Lyme disease prevention strategies promote individual preventative behaviors through 
public health outreach and education. Through these initiatives, individuals are encouraged to 
engage in personal protective measures against tick bites. Recommended measures include tick 
checks, the application of repellents and acaricides, and wearing protective apparel (Herrington 
et al., 1997). Research assessing individual preventive behaviors have demonstrated varying 
levels of efficacy across these three methods in preventing LD in human populations 
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(Richardson et al., 2019; Vazquez et al., 2008). However, the current literature still supports the 
promotion of these methods (Richardson et al., 2019).  
Previous research concerning personal preventative behavior spans a wide range of LD 
endemic regions, including areas in North America such as Connecticut, Massachusetts, New 
York, Montana, Quebec, as well as areas in European countries such as the Netherlands and 
Switzerland (Aenishaenslin, Gern, et al., 2015; van der Heijden et al., 2017). Only one known 
study has assessed the behavioral determinants for individual LD prevention practices in the state 
of Maine (Herrington et al., 1997). Considering the observed changes in LD’s geographic range 
over the last 20 years, and the projected increase of LD prevalence in Maine in the future, further 
LD prevention research focused on individuals’ attitudes and behaviors is called for in the state 
of Maine. By prioritizing the local context of this research, this study aims to provide a more 
accurate and informative overview of the determinants of LD preventative behavior in the state 
of Maine at this time.  
In addition to the contextual importance of sample region, this study aims to provide 
insights into a novel demographic as well. Previous studies addressing the social and 
psychological dimension of LD prevention have largely focused their research on general public 
populations in disease affected areas. Research has shown that the highest risk for LD exists in 
the peridomestic landscapes (Connally et al., 2009), thus those frequenting these areas have an 
increased risk of exposure. Several previous studies have evaluated the increased risk of 
exposure among foresters in Europe and found that those working in forest landscapes have a 
heightened risk of tick-borne disease exposure (Kurnatowski et al., 2011; Richard & Oppliger, 
2015; Tokarska-Rodak et al., 2014). Research conducted in the US has pointed to the increased 
hazards outdoor recreationists face in regard to LD exposure (Donohoe et al., 2015; Piacentino & 
Schwartz, 2002). Nevertheless, there remains very little research on the determinants of LD 
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preventative behavior in populations that engage with these peridomestic landscapes specifically 
for recreational purposes. This research aimed to fill that gap, by studying the determinants of 
LD preventative behaviors in recreationists.  
1.3.2 Lyme Disease Management: Environmental Management Measures 
Traditional large-scale management techniques used for vector-borne diseases have been 
difficult to apply to LD management for a variety of reasons. Ecologically, LD is characterized 
as a complex system, with a multi-host life cycle that reflects the disease’s tight coupling with 
forest ecosystems (Ostfeld, 2011). Researchers have found evidence that environmental changes 
such as variability in wildlife-host populations, climate change, and shifts in forest management 
practices all play a role in LD’s proliferation in forest communities (Kilpatrick et al., 2017). 
However, researchers’ understanding of exactly how these factors facilitate an increased 
prevalence of LD is incomplete. The implications of this uncertainty have translated into a lack 
of mitigative forest management recommendations, resulting in management practices that fail to 
serve as effective environmental interventions. Practical, small-scale intervention strategies have 
been identified and studied in experimental and field settings (Conte et al., 2021; Millins et al., 
2017). These interventions target tick populations directly through the use of acaricides or 
landscaping, and indirectly via actions that target host populations such as deer and white footed 
mice (Piesman, 2006). 
Current literature suggests that forest management plays an important role in disease 
transmission (Jackson, 2005; Li et al., 2012; Millins et al., 2017). For example, previous studies 
demonstrate that forest fragmentation can have cascading impacts on natural ecosystems, altering 
vector-borne disease dynamics (MacDonald et al., 2019). A wide-spread application of adaptive 
forest management strategies has the potential to mitigate the proliferation of LD in the 
environment (Allan et al., 2003; Ruyts et al., 2016). However, in order to do so, significant 
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human behavior change at the level of forest harvest planning is necessary. While the efficacy of 
these strategies has been assessed at the ecological and biological level, little work has been done 
to examine the acceptability of various land management strategies at the social level.  
Previous research has evaluated the acceptability of tick control interventions among 
populations in Switzerland and Canada have reported low levels of acceptability for both large-
scale landscaping strategies and acaricide use (Aenishaenslin et al., 2013; Aenishaenslin et al., 
2016). Higher acceptability has been reported for small-scale landscaping strategies, however 
evidence of this is limited to one study. No known literature has addressed the acceptability of 
tick control interventions in the US. This research aims to address this gap in the literature, by 
evaluating the acceptability of various tick control intervention methods among PWOs in the 
state of Maine. 
Of the total forestland in Maine, non-corporate PWOs own 30% of the land area, 
accounting for 5.2 million acres (USDA Forest Service, 2021). Private woodland ownership is 
highest in the areas of the state with the highest incidence of LD. This points to both the 
heightened risk of exposure these individuals face, as well as the potential role they could serve 
in disease management. Controlling a large portion of the state’s forestland, PWOs have the 
capacity to alter natural landscapes in ways that could mitigate disease transmission.  
Given the aforementioned land ownership figures, understanding the factors that 
influence the forest management decisions made by private woodland owners is imperative. 
More research is needed to characterize landowners’ attitudes, beliefs, motivations, and 
behaviors concerning ticks and LD at this time. 
1.4 Project Framework 
This research is situated within a larger project funded by the U.S. Department of 
Agriculture that is examining the ecological and social aspects of tick-borne diseases and 
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forestry practices in Maine. The transmission of tick-borne diseases is intricately linked to forest 
ecosystems. As a result, individuals spending time in these landscapes, such as recreationists, 
private woodland owners, foresters, and loggers, often face an increased chance of disease 
exposure. Adaptive land management strategies have the capacity to transform these landscapes 
into resilient agroecosystems that mitigate the spread of TBDs, promoting both human and forest 
health. Thus, the overall project seeks to develop a best practice approach to forest management 
strategies through research examining the effects of various forest management practices as well 
as the human dimensions that drive management decisions. Given the complex socio-ecological 
nature of this issue, an interdisciplinary approach that utilizes both natural and social science 
research is necessary to achieve these research objectives.  
The research outlined in this thesis seeks contributes to the grant initiative’s overarching 
objectives, by characterizing the psychosocial dimensions of at-risk individuals’ behaviors as 
well as the economic, environmental, and social factors that drive private woodland owners land 
management decisions. An exploration of this social dimension informs future education and 
extension initiatives aimed at managing the spread and persistence of the disease in forest 
landscapes across the state.   
1.5 Research Objectives and Significance 
The goal of this research was to better understand the attitudes and perceptions regarding 
LD risk and prevention held by recreationists and PWOs in the state of Maine. As such, this 
research examined perceptions of LD prevention at both the individual preventative behavior and 
land management level, with an emphasis on characterizing the factors that influence individual 
behavior. Firstly, this research evaluated the application of health behavior determinants in a LD 
prevention context. Specifically, we examined recreationist performance of three common 
personal preventative behaviors: protective apparel, repellents/acaricides, and tick checks. 
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Secondly, this research made a more specific assessment of how PWOs currently incorporate LD 
prevention into their wooded land management decisions, and how willing they would be to 
adapt their management practices to reduce the risk of LD exposure in the future. This research 
can be used by recreation area and forest managers alike to better understand the barriers to 
individual engagement in LD interventions, allowing for more effective behavior promotion 
overall. By studying the factors underlying a variety of intended behaviors related to LD 
prevention this research aimed to provide a sociocognitive lens for understanding preventative 
action in hopes that public health officials and policy makers can employ this information to 
increase the perceived acceptability and impact of LD management strategies in the future.  
The objectives needed to accomplish this goal, and the thesis chapters under which they 
were organized are as follows: 
Chapter 2 
1. Characterize the attitudes, beliefs, and perceptions held by recreationists regarding three 
prominent LD personal preventative behaviors.  
2. Evaluate the application of two popular health behavior models (health belief model and 
sociocognitive theory) in the context of LD prevention. 
3. Provide a sociocognitive lens for understanding LD preventative action to inform 
intervention and outreach efforts in the future. 
Chapter 3 
4. Develop an improved understanding of PWOs’ perceptions of LD prevention as it relates 
to land management. 
5. Identify opportunities for and barriers to PWOs’ adoption of adaptive land management 
strategies for disease mitigation. 
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1.6 Organization of Thesis 
This thesis is organized into four sections: an introductory chapter, two manuscripts, and 
a conclusionary chapter. The following are the abstracts for each of the remaining sections: 
 Chapter 2 evaluates the application of health behavior determinants in a LD prevention 
context. In Maine, as well as the rest of North America, LD is transmitted to humans by the 
black-legged ticks (Ixodes scapularis) infected by Borrelia burgdorferi. Given the tight coupling 
of the black-legged ticks life cycles and forest ecosystems, prevalence of the disease is common 
in endemic forest landscapes, and individuals spending time in these areas face an increased risk 
of exposure to LD and other TBDs. As a result, numerous public health initiatives have targeted 
these at-risk populations with education and awareness campaigns aimed at increasing 
preventative behaviors. LD prevention facilitates tick avoidance and personal protection through 
measures such as wearing protective clothing, applying efficacious repellents, and/or performing 
visual tick checks. While efficacy of these measures has been supported by previous research, 
the adoption of LD preventative behaviors is not universal among recreationists. Thus, this 
chapter evaluates the factors influencing preventative behavior adoption among recreationists in 
Maine. A quantitative survey instrument was designed to assess the factors influencing the 
preventative behaviors of recreationists. Recreationist data was collected using an intercept 
survey method at Bradbury Mountain State Park, a popular recreation destination for both in-
state and out-of-state visitors (n=401). Regression analyses of this data demonstrated the 
importance of perceived self-efficacy in the adoption of preventative behavior, supporting the 
inclusion of this construct in future health behavior models. In contrast to traditional public 
health outreach initiatives, tick-related knowledge and experience did not have a strong influence 
on individual preventative behavior. The dissemination of this information can help to inform 
future research as well as future public health campaigns.  
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Chapter 3 explores the factors influencing PWOs’ land management decisions, 
particularly as they relate to LD management. Adaptive land management techniques have been 
shown to have a notable impact on LD mitigation in forest landscapes. However, to achieve this 
impact mitigative techniques must be broadly adopted by those managing forested areas. PWOs 
are an important landownership group in the state of Maine as they control more than one-third 
of the state’s total forestland. Moreover, LD incidence is highest in areas of the state where land 
is most predominantly managed through private ownership. Thus, while PWOs face a heightened 
risk of exposure, they also have the capacity to transform natural landscapes and mitigate the 
spread of LD in their communities. This chapter aimed to characterize the factors influencing 
PWOs owners land management decisions and develop an improved understanding of this 
population’s perception of LD as it relates to land management. Furthermore, this chapter sought 
to synthesize this information by identifying opportunities for and barriers against the adoption 
of adaptive land management techniques among PWOs. A quantitative survey instrument 
designed to assess the factors influencing PWOs’ personal perceptions of ticks and LD and land 
management decisions was distributed to potential participants in the fall of 2019 and spring of 
2020. Analyses included t-tests, one-way analyses of variance (ANOVA), and chi-square tests to 
explore the relationships between PWOs’ individual characteristics and histories, and their 
awareness, concerns, beliefs, and behaviors related to LD. Results from this research highlighted 
the internal diversity of PWOs, documenting a wide range of management attitudes and 
objectives. Findings demonstrated PWOs’ orientations toward LD management to be 
significantly associated with several socio-demographic and land-ownership characteristics, 
supporting the inclusion of demographic data in future PWO behavior research. Results from this 
research serve to inform agencies and authorities interested in promoting particular land 
management practices through targeted outreach and educational campaigns. 
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 Chapter 4 concludes this thesis with a discussion of the relevance and application of this 
research. This chapter reviews the implications of this research on zoonotic disease management 
paradigms, human dimensions research, and public health initiatives. The potential for future 
research is also discussed. While recommendations for specific public health strategy are beyond 
the scope of this thesis, suggestions for how to integrate human dimensions research into 
complex zoonotic disease management efforts are provided.  
1.7 Ethical Considerations 
The research outlined in this thesis was approved by the institutional review board at the 





UNDERSTANDING THE PSYCHOSOCIAL DETERMINANTS OF LYME 
DISEASE PREVENTATIVE BEHAVIOR AMONG RECREATIONISTS IN 
SOUTHERN MAINE 
2.1. Introduction 
 Lyme disease (LD) is the most commonly occurring tick-borne illness in the United 
States, and incidence of the disease continues to increase despite a growing awareness of disease 
risk among the public. The consequences of contracting LD can be severe and difficult to 
manage, both clinically and personally. Given the lack of market-available options for human 
vaccination or prophylactic treatment, proactive prevention of tick bite exposure and vector 
transmission are crucial to community health. In areas endemic to LD, this is accomplished 
through the adoption of personal preventative behaviors. Such behaviors are traditionally 
promoted through educational initiatives and public awareness campaigns targeting individuals 
engaged in activities that are known to present unique disease risk, such as outdoor recreation 
(Porter et al., 2019).  
Three major methods for tick bite prevention dominate the public health messaging 
surrounding LD. The first, and most widely encouraged method is the “tick check.” Tick checks 
are the practice of surveying one’s skin to check for any signs of ticks or tick bites after visiting 
areas where ticks could be present. Infected ticks must feed for a minimum of 24-48 hours before 
disease transmission can occur. Therefore, by systematically scanning the body for signs of ticks 
or tick bites one has the opportunity to remove the tick as soon as possible, exponentially 
reducing the chance of contracting a tick-borne disease (TBD). This process involves the 
removal of one’s clothes for a complete visual inspection, with particular attention being paid to 
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warm areas of the body that ticks are drawn to. Public health messaging oftentimes encourages 
individuals to perform tick checks with a partner or using a mirror to examine areas that may 
otherwise be difficult to inspect by oneself.  
In contrast to tick checking or removal, individuals can also achieve personal protection 
through avoidance measures, such as the use of tick repellents on skin or clothing. Repellents are 
often touted as an effective measure for reducing the risk of tick bites, due to their ability to 
“jam” ticks’ sensors, thereby confusing the parasites and prompting their movement away from a 
host. In doing so, repellents can effectively prevent a tick from successfully feeding, thereby 
minimizing the transmission of disease. Repellents are primarily applied directly to the skin; 
however, they can also be used on clothing and other fabrics. Researchers have substantiated 
these claims, finding evidence that the application of synthetic repellents to the skin, such as 
DEET, is an effective measure for tick bite avoidance (Cisak et al., 2012).  
A third method of LD personal prevention is the use of protective clothing while 
outdoors. Protective clothing includes long-sleeve shirts and long pants that create a barrier 
between questing ticks and the individual’s skin, effectively reducing the area of exposed skin. It 
is recommended that protective clothing be light-colored to ease detection of ticks attached to the 
clothing during visits to high-risk areas. Personal protection can also be achieved by dressing in 
treated apparel. Permethrin, a synthetic insecticide commonly used for lice treatment, has been 
shown to effectively kill ticks, and prevent tick bites when applied to individuals clothing 
(Connally et al., 2019).  
 While these measures have been the cornerstone of LD public health interventions for 
over 20 years, research concerning the effectiveness of these strategies has not necessarily been 
conclusive. A wide variety of literature has examined the efficacy of personal preventative 
measures in curbing LD incidence, with early research on the subject showing little promise. In 
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1998, researchers in New Jersey found no statistically significant differences in the use of 
protective measures between persons with LD and age-matched controls (Orioski et al., 1998). 
Three years later, researchers surveying residents of Nantucket found similar results, with no 
difference in reported frequency of LD among those who did and those who did not report 
practicing preventative behavior (Phillips et al., 2001). However, as the disease has become more 
prevalent a larger body of research has accumulated concerning the efficacy of these measures. 
Through systematic review of previous prevention research, Richardson et al. (2019) 
examined the results of studies focused on the effectiveness of personal protective measures for 
preventing LD. Two of the studies included in this review found supporting evidence to suggest 
that the use of tick repellents on skin or clothing is associated with a lower incidence of LD 
(Connally et al., 2009; Vazquez et al., 2008). Connally et al. (2009) also reported that the 
wearing of light-colored clothing or long trousers was less common among people diagnosed 
with LD, compared with controls, albeit not statistically significant. Effects were mixed for the 
association between tick checks and incidence of LD (Connally et al., 2009; Smith et al., 2001; 
Vazquez et al., 2008). And yet, even among studies demonstrating protective efficacy, there 
remains acknowledgement that such findings are in vain unless translated into individual 
preventative practice.  
National public health authorities such as the Center for Disease Control and Prevention 
(CDC) and the U.S. Food and Drug Administration (FDA) have launched various initiatives 
focused on improving LD preventative behavior uptake. Similarly, at the state level, preventative 
measures are promoted through a wide variety of local educational programs and public 
activities. In Maine, state CDC epidemiologists distribute educational and preventive information 
as needed, and regularly present to the general public through seminars, school-based 
presentations, and media interviews. State officials maintain a LD website that provides updated 
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information and instructional videos for those seeking more information about LD, and routinely 
release health alerts and press releases that keep the general public informed on TBD concerns of 
public significance. These programs continue to evolve and grow in response to the mounting 
impact of LD on local communities. In 2019, Maine CDC launched a myriad of new programs 
and initiative including a social media campaign as well as the declaration of the month of May 
as “Lyme Disease Awareness Month.” In its most recent report to Maine Legislature, Maine 
CDC disclosed that its “main prevention message is encouraging Maine residents and visitors to 
use personal protective measures to prevent tick exposures. Personal protective measures include 
avoiding tick habitat, use of EPA approved repellents, wearing long sleeves and pants, and daily 
tick checks and tick removal after being in tick habitats” (Perenzi & Robinson, 2020).  
Assuming personal protective measures are effective, public health behavior engagement 
presents an opportunity for mitigating the impacts of LD on endemic communities. 
Unfortunately, research has shown that despite an increased public awareness of LD risk, uptake 
of preventative behaviors among the public is still low. Observational studies conducted in 
endemic areas consistently find that the adoption of basic preventative behaviors is inconsistent 
within communities, with a large proportion of people failing to take even the most basic 
precautions (Herrington et al., 1997; Phillips et al., 2001). Despite the aforementioned targeted 
efforts to promote disease awareness and personal protection, there still remains a gap in 
understanding the sociocognitive determinants that influence preventative behavior adoption.  
Previous public health research aimed at alleviating the burden of LD in human 
communities has focused on identifying specific risk factors associated with LD (Bron et al., 
2020; Herrington, 2004; Nawrocki & Hinckley, 2021; Peretti-Watel et al., 2019). While these 
findings provide a foundational understanding of preventative behavior engagement, they lack 
the theoretical basis necessary to identify specific social and psychological factors influencing 
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individuals’ preventative behaviors. This research aims to address this gap in the literature by 
evaluating the predictive power of prominent health behavior determinants in a LD preventative 
behavior context. More specifically, this research examines the factors underlying three common 
personal preventative behaviors: dress in protective apparel, use of repellent/acaricide, and 
performance of tick checks. In doing so, this research seeks to provide a psychosocial lens for 
understanding preventative behavior in hopes that public health officials and policy makers can 
employ this information to increase the effectiveness and impact of LD management strategies in 
the future.   
2.2. Theoretical Framework 
The adoption of preventative behaviors has been widely studied for a variety of health 
issues and diseases, using several different theoretical models for health behavior adoption. 
These theories posit that a number of constructs directly influence an individual’s intention to 
engage with a particular behavior (Bandura, 1998; Champion & Skinner, 2008). This research 
expands upon previous research by applying constructs derived from health behavior theories to 
at-risk individual’s LD preventative behaviors. This work is grounded in a theoretical framework 
that draws components from two prominent health behavior models: the Health Belief Model 
(HBM), and Social Cognitive Theory (SCT).   
2.2.1. The Health Belief Model 
The HBM is a widely used theoretical framework in health behavior research that 
describes health-related behavior phenomena from a psychosocial perspective. From its origin in 
the 1950s the theory has been used to explain individuals’ decisions to engage in preventative 
health behaviors, however the framework is now more widely applied to predict action related to 
health screenings and symptom management as well (Glanz et al., 2008). HBM theory takes a 
value-expectancy approach to understanding individual behavior, emphasizing the role of 
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subjective cognition in decision-making. In other words, the HBM describes action and inaction 
through individuals’ particular health issue or disease, and the perceived likelihood of being able 
to mitigate or avoid said affliction through personal action. This framework draws on five 
behavioral determinants that are used to predict behavior (Macauda, 2007), all of which are 
outlined below.  
Table 2.2.1. Behavioral determinants included in the HBM theoretical framework.  
Behavioral Determinant Definition 
Perceived Susceptibility Perceived susceptibility refers to an individual’s beliefs about their 
personal level of risk for contracting a condition or illness. 
Perceived Severity 
Perceived severity refers to an individual’s beliefs about the 
implications of contracting said condition or illness. When combined 
with perceived susceptibility, the two constructs are termed perceived 
threat. 
Perceived Benefits Perceived benefits refer to an individual’s beliefs about the positive 
outcomes associated with a particular health action. 
Perceived Barriers Perceived barriers refer to an individual’s beliefs about the costs or 
negative aspects of a particular health action. 
Method Efficacy Method efficacy refers to an individual’s belief in the effectiveness of a 
particular behavior to promote positive health outcomes. 
Cues to Action Cues to action refers to the cues or triggers that elicit engagement in a 





2.2.2. Social Cognitive Theory 
Another prominent theory used in health behavior research is Social Cognitive Theory 
(SCT). This theory describes health-related behavior as a function of sociocognitive determinants 
(Bandura, 1998), and is designed on the premise that learning and action reinforcement is 
influenced by dynamic and reciprocal relationships between person, environment, and behavior. 
While SCT shares many similarities with the HBM, including its shared basis in a value-
expectancy approach, SCT emphasizes the complex interactions between individuals and their 
environment (Glanz et al., 2008). In this sense, SCT accounts for lived experience and self-
regulation in a way that is not captured by the traditional HBM framework. Previous research has 
demonstrated that both aforementioned factors do play a role in LD preventative behavior, 
warranting the inclusion of these dimensions in this research (van der Heijden et al., 2017). 
Therefore, the following four variables were drawn from the SCT model and added to the 
theoretical framework used for this project.  
Table 2.2.2. Behavioral determinants drawn from the SCT theoretical framework. 
Behavioral Determinant Definition 
Self-Efficacy 
Self-efficacy refers to an individual’s belief in their ability to engage in 
a particular health action. This variable is not always included in HBM 
studies; however, it is an appropriate addition when studying more 
complicated preventative measures that require repeated action or a 
specific skillset. 
Method Efficacy 
Method efficacy, otherwise referred to as response efficacy, refers to an 
individual’s belief in the effectiveness of a particular behavior to 
promote positive health outcomes. 
Experience 
Experience refers to an individuals’ previous exposure to a particular 
condition or illness. This encompasses both the personal experiences of 
an individual as well as the witnessed experiences of those around 
them.   
Knowledge Knowledge refers to an individuals’ awareness and understanding of a 
particular condition or illness. 
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2.2.3. Combined Model 
Both frameworks have been applied to a wide array of health behavior scenarios ranging 
from dental care to vaccine use. Extensive literature has established the predictive value of each 
of the above variables (Macauda, 2007). However, the strength of these predictors is inconsistent 
across health behavior scenarios, demonstrating the importance of contextual applications of 
theoretical models to research topics. This points to what is perhaps the most significant 
limitation and strength of health behavior models. While the theoretical bases of these 
frameworks are generally accepted uniformly across the field of health behavior, methodological 
application varies highly between studies due to the context-specific aspects of the theory’s 
variables. Therefore, an appropriate application of these variables requires context-specific 
assessment.  
In adapting the HBM and SCT models to the context of this research, several key 
decisions were made. Firstly, while cues to action is included in the original HBM framework, 
limited literature supports its predictive capability. This, coupled with the difficult nature of 
assessing said variable, drove the decision not to include this concept in the final theoretical 
framework for this research. Secondly, HBM’s perceived severity and perceived susceptibility 
were evaluated together in our analyses as a measure of perceived risk. This choice mirrored that 
of similar studies employing HBM models in a preventative behavior context. 
In sum, the constructs included in the conceptual model employed for this particular 
research were (a) self-efficacy, (b) method efficacy, (c) perceived risk, (d) perceived benefits, (e) 
perceived barriers, (f) knowledge, (g) experience, and (h) LD preventative behavior. A visual 





Figure 2.2.3. Combined conceptual model for LD preventative behaviors. 
 
2.3. Methods 
Due to the demonstrated gaps in current literature regarding the social aspects of LD 
prevention and management, a quantitative research approach was used to explore the 
relationships between attitudes, beliefs, and behaviors of recreationists regarding LD. A 
questionnaire operationalized the aforementioned theoretical constructs latent constructs (self-
efficacy, method efficacy, perceived risk, perceived barriers, perceived benefits, experience, 
knowledge, and LD preventative behavior).  
2.3.1. Study Site 
Questionnaire distribution was conducted at Bradbury Mountain State Park in Pownal, 
Maine. Located in Maine’s most populous county, Cumberland County, Bradbury Mountain 
State Park is a popular recreation destination for both in-state and out-of-state visitors. The 730-
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acre publicly owned recreation area features multi-use trails that are used for a variety of 
activities including, but not limited to, hiking, mountain biking, snowmobiling, and horseback 
riding. Management of the park is overseen by the state’s Department of Agriculture, 
Conservation, and Forestry. 
2.3.2. Study Participants 
For the purposes of this research, potential participants were identified as recreationists 
utilizing Bradbury Mountain State Park’s trail system. Questionnaires were administered to said 
participants via an in-person intercept surveying technique. A team of two trained research 
personnel were stationed at the beginning of the park’s most-trafficked trail system, the Northern 
Loop Trail, and greeted adult-aged individuals as they approached. Individuals who were 
preoccupied with activities (e.g., on the phone, listening to music) or in large groups that would 
clearly be interrupted by a request to participate were not approached. Personnel greeted 
participants using an oral script describing the purposes of the research. Individuals who 
expressed interest in participating in the study then received a copy of a consent form outlining 
the details and requirements for participation. Eligibility for informed consent required that all 
participants be 18 years of age or older at the time of questionnaire completion. Once 
participants had read the form and communicated their consent, they were given a questionnaire 
to complete. Participants took roughly 10-15 minutes to complete questionnaires on-site, and 
once finished, returned their completed questionnaires to personnel. Research materials allowed 
for up to 10 questionnaires to be administered at a time, meaning that multiple individuals were 
able to complete their respective surveys concurrently.  
In an effort to obtain a representative sample of individuals at the study site, researchers 
systematically varied the time and day of the week during which questionnaires were distributed. 
As a result, data collection spanned all 7 days of the week and the entirety of the park’s operating 
 
 22 
hours. Data collection was conducted over 25 days during the summer of 2019. This sampling 
period was chosen due to the fact that this time period is when Bradbury Mountain State Park 
experiences the highest number of visitors annually.  
Of the initial 580 individuals greeted, 401 individuals agreed to participate in this 
research (response rate = 69%).  However, several individuals were excluded from subsequent 
data processing due to the incomplete nature of their questionnaires. Specifically, participants 
missing 50% or more item responses within a specific construct were deemed ineligible and were 
removed from the dataset before continuing onto data analysis. In total, 393 respondents were 
included in the ultimate data analysis for this research (response rate = 67%).   
2.3.3. Questionnaire Measures 
A quantitative questionnaire was designed using the model outlined in Figure 2.2.3. This 
questionnaire contained items representing each of the latent constructs of interest as well as 
individual engagement in preventative behaviors. 
Efficacy beliefs, constituting self-efficacy and method efficacy, were measured with three 
items for each of the three preventative behaviors of interest to this study. For each preventative 
behavior of interest, one item was used to measure individual’s perceived self-efficacy while two 
other items were used to measure individual’s perceived method efficacy, all of which were 
measured on a 5-point Likert scale ranging from “Strongly Disagree” (-2) to “Strongly Agree” 
(+2). 
Perceived risk was measured with seven items on a 5-point Likert from “Strongly 
Disagree” (-2) to “Strongly Agree” (+2). Among these, three items measured perceived 
susceptibility, for example, “There is a high risk that I will be bitten by a tick if I visit nature.” 
Four items were designed to measure perceived severity, for example, “If I were to contract 
Lyme disease, it would have a significant impact on my life.” Items representing perceived 
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susceptibility and perceived severity were assessed together representing a measure of 
individual’s overall perceived risk.  
Perceived benefits of performing preventative behavior performance were measured 
using two items on a 5-point Likert from “Strongly Disagree” (-2) to “Strongly Agree” (+2). 
These two items included statements about general preventative behavior benefits that 
individuals were instructed to respond to by indicating the extent to which they agree or disagree 
with each statement. The items were designed to be representative of individuals perceived 
benefits of tick bite prevention as a whole, for example, “Adopting tick bite prevention practices 
is important for my health.” Therefore, this scale was universally used in all three of the behavior 
models as a measure of perceived benefits.  
Perceived barriers to performing preventative behavior performance were measured using 
four items. These items included statements about preventative behaviors that individuals were 
instructed to respond to by indicating the extent to which they agree or disagree with each 
statement on a 5-point Likert from “Strongly Disagree” (-2) to “Strongly Agree” (+2). Two items 
were designed to be representative of individuals perceived barriers to general tick bite 
prevention, for example, “Adopting tick bite prevention practices is difficult”. Additionally, two 
items were included to measure barriers specific to each of the three preventative behaviors of 
interest, for example, “I dislike having to fully undress to effectively perform a tick check.”  
Knowledge of ticks and LD was measured using nine items. Each of these items included 
a statement for which individuals were instructed to indicate “True” or “Not True” based on their 
current knowledge of the subject. Individuals were also given the opportunity to indicate their 
lack of knowledge on the subject using the response category “Don’t Know.” A summated score 
was then created to capture participant’s total knowledge of ticks and LD. For every knowledge 
questionnaire item answered correctly, participants received an additional one point to their total 
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knowledge score. In this way, the system did not penalize individuals for answering incorrectly 
or selecting “I Don’t Know.” 
Experience of ticks and LD was measured using five items. Each of these items included 
a statement for which individuals were instructed to indicate “True” or “Not True” depending on 
their personal experience. Individuals were also given the opportunity to indicate uncertainty 
regarding their experience with a scenario using the response category “Don’t Know.” As was 
done with the knowledge items, a summated score was created to capture participants’ total 
experience with ticks and LD. In this case, participants’ scores only increased with each scenario 
they reported experiencing by responding “True” to the item.  
Preventative behavior performance was measured with two items on a 5-point scale from 
“Never” (1) to “Always” (5). One item measured participant’s past performance of preventative 
behavior during the previous summer (Summer 2018) while the other measured participants’ 
intended performance of preventative behaviors during the summer in which the questionnaire 
was being completed (Summer 2019).  
2.3.4. Data Processing and Analysis 
Following data collection, two research personnel, including the lead author of this thesis, 
reviewed all returned surveys for completeness and legibility before entering responses into an 
electronic database. Using this electronic database, researchers performed manual data 
processing to prepare the database for subsequent analyses using IBM’s Statistical Package for 
Social Science 26.1 (SPSS).  
2.3.4.1. Summated Scales  
Knowledge and experience items were recoded into new variables that represented 
participants summed score for each latent construct. For example, all nine knowledge items were 
combined into a new index that captured participants’ total knowledge accuracy score. For each 
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knowledge item answered correctly, participants received one point, whereas an incorrect answer 
or “Don’t Know” response yielded 0 points. This way, each participant received a knowledge 
score ranging from zero to nine.  
 Similarly, all five experience items were combined into a new summed index that 
captured participants total experience score. For each experience item that participants indicated 
as true for them, they received one point, whereas an “False” or “Don’t Know” response yielded 
0 points. Thus, each participant received an experience score ranging from zero to five. 
2.3.4.2. Mean Item Scales 
For all other scales, excluding knowledge and experience, mean item scores were 
calculated. In order to create mean scales, Principal Component Analyses (PCA) with varimax 
rotation were performed on individual items representing efficacy beliefs (three items), risk 
perceptions (seven items), barriers (four items), benefits (two items), and preventative behavior 
performance (two items). This analysis allowed us to verify that observed variables separated 
into individual factors representing their respective latent constructs. Single factors were 
identified for all latent constructs so mean item scores were calculated by averaging the score of 
all items within the factor.  Following this analysis, inter-item reliability was calculated for each 
mean item scale using Cronbach’s alpha.  
Missing data points within a scale were substituted using a sample means solution 
(Raaijmakers, 1999). Assuming that missing data were random, the mean of the available data 
served as an appropriate estimate of the mean for the total sample, therefore, the mean of 





2.3.4.3. Analysis of Survey Responses 
Frequency distributions were used to summarize the characteristics of the respondent 
population and their responses to individual questionnaire items. In doing so, this descriptive 
analysis established a preliminary understanding of recreationists attitudes and beliefs 
concerning ticks and LD.  
Bivariate correlations were computed to explore whether the determinants and behaviors 
were associated as expected. Upon confirmation of this association, multivariate relationships 
were assessed by means of regression analyses. Linear regression analyses were performed to 
assess the applicability of the proposed behavior models (Figure 2.2.3) in a LD prevention 
context. More specifically, these analyses evaluated the predictive capabilities self-efficacy, 
method efficacy, risk, benefits, barriers, knowledge, experience, in predicting each of the three 
preventative behaviors of interest. For these analyses, all determinants were treated as 
independent factors and the significance level of 0.05. 
2.4. Results 
2.4.1. Sample Characteristics 
In total, 401 individuals participated in data collection of which 393 were included in the 
analysis. Maine residents accounted for 63.6% (n = 250) of the recreationist sample, while 35.8% 
(n=141) of participants indicated that they were visiting the park from out of state. Of the 141 
participants visiting the park from out of state, 121 individuals (85.8%) indicated they were 
visiting from an area where LD is also endemic. T-tests and chi-squared tests demonstrated no 
statistically significant differences in the age, gender, or education level between Maine residents 




 Of that total, 229 identified as female (58.2%). The mean age of the sample respondents 
was 46.9 years (SD = 14.6), ranging from 18 years to 81 years (Table 2.4.1). Most participants 
(78.4%) had received a post-secondary education, having pursued an undergraduate or graduate 
degree. Fewer than 5% of participants completed intermediate vocational training through 
terminal trade of technical school programs. For 3.3% of participants the highest level of 
education achieved was high school. 
The participants had different frequencies of visiting nature, but most reported visiting 
nature daily or weekly (83.9%). Chi square tests indicated that Maine residents sought out nature 
more frequently, with more than double the percent of individuals reporting daily nature visits 
compared to out-of-state visitors.  
Table 2.4.1. Demographic characteristics of recreationist survey respondents. 





















150 (60.0%) 79 (56.0%) 










115 (46.0%) 79 (56.0%) 
Monthly 35 (8.9%) 17 (6.8%) 18 (12.8%) 
A Few Times per 
Year 
25 (6.4%) 7 (2.8%) 18 (12.8%) 
 
2.4.2. Knowledge and Experience 
The mean knowledge score among participants was 5.70 out of 8, meaning that on 
average participants correctly responded to more than half of the items presented in the 
questionnaire (Table 2.4.2.1). The most commonly known facts were those relating to the health 
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risks associated with the disease (94.2%) and the types of habitats that ticks inhabit (94.2%). The 
largest deficits in knowledge were observed in responses to items concerning the time of year 
most associated with LD transmission (21.6%) as well as the per capita impact of LD in the state 
of Maine (19.3%).  
Table 2.4.2.1. Recreationists’ knowledge of ticks and LD. 
 Correct 
Mean Score ± 
SD 
Knowledge  5.70 ± 1.77 
Lyme disease can lead to nerve disorders, joint problems 












Lyme disease is caused by a bacterium that can only be 




If the tick is removed from the skin within 24 hours, the 




A bulls-eye rash at the site of the tick bite is always present 









Most cases of Lyme disease occur in late spring and early 
summer. 
85 (21.6%)  
Maine has the highest rate of new Lyme disease cases per 
capita. 
76 (19.3%)  
 
The mean experience score among participants was 3.44 out of 5, meaning that on 
average participants reported that they had experienced more than half of the scenarios in the 
questionnaire (Table 2.4.2.2). The most commonly shared experiences among participants were 
knowing someone who has or has had LD (87.8%), having found a tick in one’s home or on 
one’s pets (84.7%), or having lived in an area with LD (84.5%). Personal experience with LD 
was notably lower than other experience items, with only 7.6% of participants reporting having 
LD currently or previously. 
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Table 2.4.2.2. Recreationists’ self-reported experience with ticks and LD. 
n (%) 
Mean Score ± 
SD 
Experience 3.44 ± 1.08 
I know someone who has Lyme disease or has had it before. 
347 
(87.8%) 
I have found a tick in my home or on one of my pets before. 
333 
(84.7%) 
I have lived in an area with Lyme disease before. 
333 
(84.5%) 
I have been bitten by a tick before. 
278 
(70.6%) 
I have Lyme disease or have had it before. 30 (7.6%) 
2.4.3. Mean-Item Scales 
In addition to the summated scales previously described (knowledge and experience) 
each behavior model utilized five mean-item scales representing five different constructs. Of 
these five constructs, two of them, perceived benefits and perceived risk, were not behavior-
specific in nature, meaning that they were made up of items that did not vary between the 
behavior models. Thus, questionnaire items included in the perceived benefits and perceived risk 
scales used language that was not specific to a particular tick-related preventative behavior.  
Six out of the seven observed variables loaded with perceived risk and had factor 
loadings >.4 (Table 2.4.3.1). Only one item associated with perceived risk had factor loading <.4 
and was excluded from subsequent analysis in order to improve the overall reliability of the 
scale. A reliability analysis conducted on the observed variables associated with perceived risk 
generated an acceptable Cronbach’s alpha value (Table 2.4.3.1), therefore a perceived risk scale 
was calculated using the mean score of six questionnaire items. Participants reported moderate 
levels of perceived risk, with the average level of risk perception being 0.80 (SD = 0.67).  
Questionnaire items associated with perceived benefits were also evaluated using PCA. 
Two observed variables loaded with perceived benefits and had factor loadings >.8 (Table 
2.4.3.1). Upon examining the reliability of these items, a satisfactory Cronbach’s alpha value was 
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calculated (α =0.808). A perceived benefits scale was therefore calculated using the mean score 
of two associated questionnaire items (Table 1.5.3.1). The average level of perceived benefits 
among participants was 1.41 (SD ± 0.76). 
Table 2.4.3.1. Recreationists’ perceived risk and perceived benefits scales. 
Questionnaire Item Mean ± SD Factor Loading Cronbach’s α 
Perceived Risk   0.694 
I believe Lyme disease is difficult to cure. 0.77 ± 1.27 0.749  
I believe Lyme disease is difficult to diagnose. 1.07 ± 1.02 0.688  
If I were to contract Lyme disease it would 
have a significant impact on my life. 
1.05 ± 1.00 0.749  
I believe Lyme disease is a serious condition. 1.72 ± 0.69 0.613  
There is a high risk that I will be bitten by a 
tick if I visit nature. 
0.60 ± 1.24 0.466  
If there are ticks around, I am likely to get 
Lyme disease. 
-0.30 ± 1.13 0.529  
Explained Variance = 41.12    
Perceived Benefits   .808 
The benefits of adopting tick bite prevention 
practices are more important to me than the 
inconvenience they may cause. 
1.31± .941 0.892  
Adopting tick bite prevention practices is 
important for my health. 
1.52± .705 0.864  
Explained Variance = 85.34    
 
The remaining constructs included in the behavioral models utilized questionnaire items 
that were behavior-specific, meaning that the language used in these items was designed 
specifically for the preventative behavior being modeled. Self-efficacy was measured with one 
behavior-specific questionnaire item per model; thus, no factor or reliability analyses were 
necessary for this construct.  
Two behavior-specific questionnaire items representing method efficacy for each 
preventative behavior were assessed through PCA and reliability analyses.  The PCA results 
supported that the construct was associated with the intended variable in each behavior model 
with all items reporting factor loadings >.4. Cronbach’s alpha values for method efficacy items 
were >.60 in all three behavior models, signifying the internal consistency of these scales.  
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Next, perceived barrier indices for each behavior model were assessed. Two 
questionnaire items associated with perceived barriers reflected general barriers to preventative 
behavior, and thus were included in the analysis of each model’s perceived barrier scale. In 
addition to these two general items, each model also included items reflecting barriers that were 
specific to the three behaviors of interest. PCA results supported that the constructs were 
associated with the intended observed variables. Furthermore, internal consistency of these items 
was demonstrated by a Cronbach’s alpha value >.6 for each perceived barrier scale.   
In each behavior model, the terminus construct was associated with two behavior-specific 
questionnaire items that captured participants reported past and intended future behavior. PCA 
results demonstrated strong correlation of these items, with factor loadings >.6 for each observed 
variable. Reliability coefficients for each behavior scale were found to be >.85 validating the 
inclusion of both questionnaire items in subsequent model analyses.  
2.4.4. Understanding Preventative Behaviors 
 
The penultimate component of analysis involved the assessment of behavioral trends of 
the populations. Mean-item scales for each behavior served as the terminus construct (i.e., 
dependent variable) in each regression model. The most common preventative measure reported 
both retrospectively (47.2%) and for future intent (56.8%) was the tick check. This was also the 
preventative measure with the highest reported values for both method efficacy (how well will 
this preventative measure work) and self-efficacy (how capable am I to practice said behavior). 
These findings further demonstrate the important link between perceived behavior uptake 
outcomes and behavioral intention.  





2.4.4.1. Protective Clothing Regression Analysis 
In the first model (Figure 2.5.4.1), with protective clothing behavior as the dependent 
variable, all determinants were associated in the expected direction with the behavior. The 
strongest correlate was self-efficacy ( = .452, p < .01), followed distantly by barriers ( = -.205, 
p < .01), method efficacy ( = .144, p < .01), benefits ( = .129, p < .01), and risk ( = .101, p < 
.01). In contrast, neither knowledge nor experience were significantly associated with protective 





























Table 2.4.4.1.1. Summary of scales included in protective clothing behavior model. 
Construct Scale Type 
Questionnaire 
Items 
Range Mean ± SD 
Self-Efficacy Mean-Item 1 -2 to +2 0.14 ± 1.24 
Method Efficacy Mean-Item 2 -2 to +2 1.36 ± 0.79 
Perceived Risk Mean-Item 6 -2 to +2 0.80 ± 0.67 
Perceived Benefits Mean-Item 2 -2 to +2 1.41 ± 0.76 
Perceived Barriers Mean-Item 4 -2 to +2 -0.30 ± 0.72 
Knowledge Summated  9 0 to 9 5.70 ± 1.77 




-2 to +2 -0.09 ± 1.18 
 
 
Table 2.4.4.1.2. Behavior-specific mean-item scales used in protective clothing behavior model.  
Questionnaire Item Mean ± SD Factor Loading Cronbach’s α 
Self-Efficacy    
I feel confident in my ability to always wear 
protective clothing when I visit nature. 
0.14 ± 1.24 0.991  
Explained Variance = 33.85    
Method Efficacy   0.69 
I am less likely to get a tick bite if I wear 
protective clothing. 
1.35 ± 0.95 0.890  
I am less likely to get Lyme disease if I wear 
protective clothing. 
1.36 ± 0.85 0.857  
Explained Variance = 51.25    
Perceived Barriers   0.67 
I dislike the way protective clothing looks. -0.45 ± 1.13 0.753  
Protective clothing is too expensive. -0.34 ± 1.09 0.701  
I often feel too warm when I wear long-sleeve 
shirts and full-length pants. 
0.94 ± 1.11 0.610  
Adopting tick bite prevention practices is 
difficult. 
-0.79 ± 1.04 0.588  
Adopting tick bite prevention practices will 
make recreation less fun. 
-0.84 ± 1.18 0.568  
Explained Variance = 42.82    
Protective Clothing Behavior   0.93 
Last month, when I visited nature, I dressed in 
protective clothing. 
0.03 ± 1.20 0.965  
In the coming month, if I visited nature, I 
would dress in protective clothing. 
-0.21 ± 1.24 0.965  





2.4.4.2. Repellent Use Regression Analysis 
In the second model (Figure 2.5.4.2), with repellent use as the dependent variable, most 
determinants were associated in the expected direction, except for experience which was 
inversely associated with the predicted behavior. However, this association was not found to be 
statistically significant determinant of repellent use among participants. As was the case in the 
protective clothing model. self-efficacy proved to be the strongest correlate of repellent use ( = 
.592, p < .01), followed distantly by method efficacy ( = .156, p < .01), risk ( = .093, p < .01), 
and benefits ( = .080, p < .01). In contrast to the protective clothing model, barriers to the 
behavior were not found to be a significant determinant of preventative repellent behavior. 
Knowledge and experience were also found to be statistically insignificant in their association 





























Table 2.4.4.2.1. Summary of scales included in repellent use behavior model. 
Construct Scale Type 
Questionnaire 
Items 
Range Mean ± SD 
Self-Efficacy Mean-Item 1 -2 to +2 0.59 ± 1.26 
Method Efficacy Mean-Item 2 -2 to +2 1.20 ± 0.92 
Perceived Risk Mean-Item 6 -2 to +2 0.80 ± 0.67 
Perceived Benefits Mean-Item 2 -2 to +2 1.41 ± 0.76 
Perceived Barriers Mean-Item 4 -2 to +2 -0.20 ± 0.82 
Knowledge Summated  9 0 to 9 5.70 ± 1.77 




-2 to +2 0.61 ± 1.19 
 
Table 2.4.4.2.2. Summary of mean-item scales included in repellent use behavior model. 




Self-Efficacy    
I feel confident in my ability to always 
apply insect repellent when I visit nature. 
0.59 ± 1.26 0.979  
Explained Variance = 34.64    
Method Efficacy   0.835 
I am less likely to get a tick bite if I use 
insect repellent. 
1.18 ± 1.02 0.926  
I am less likely to get Lyme disease if I use 
insect repellent. 
1.21 ± 0.96 0.886  
Explained Variance = 55.99    
Perceived Barriers   0.638 
I am concerned about the toxicity of 
chemical-based insect repellent. 
0.54 ± 1.27 0.733  
I don't like the way insect repellent smells 
or feels on my skin. 
0.31 ± 1.25 0.759  
Adopting tick bite prevention practices is 
difficult. 
-0.80 ± 1.03 0.631  
Adopting tick bite prevention practices 
will make recreation less fun. 
-0.85 ± 1.67 0.627  
Explained Variance = 48.16    
Repellent Use Behavior   0.918 
Last month, when I visited nature, I used 
repellent. 
0.73 ± 1.20 0.962  
In the coming month, if I visited nature, I 
would use repellent. 
0.49 ± 1.28 0.962  





2.4.4.3. Tick Check Regression Analysis 
In the third model (Figure 2.5.4.3), in which performing a tick check was the dependent 
variable, all variables were associated with the behavior in the expected direction. As was the 
case in the prior models, self-efficacy showed the strongest association with tick check behavior 
( = .530, p < .01), followed by barriers ( = -.183, p < .01), method efficacy ( = .103, p < .01), 
benefits ( = .098, p < .01), risk ( = .081, p < .01), and experience ( = .080, p < .01). In 
contrast to the protective clothing model, barriers to the behavior were not found to be a 
significant determinant of preventative repellent behavior. Knowledge and experience were also 
found to be statistically insignificant in their association with repellent behavior. This model 










Table 2.4.4.3.1. Summary of scales included in tick check performance behavior model. 
Construct Scale Type 
Questionnaire 
Items 
Range Mean ± SD 
Self-Efficacy Mean-Item 1 -2 to +2 1.10 ± 1.11 
Method Efficacy Mean-Item 2 -2 to +2 1.57 ± 0.70 
Perceived Risk Mean-Item 6 -2 to +2 0.80 ± 0.67 
Perceived Benefits Mean-Item 2 -2 to +2 1.41 ± 0.76 
Perceived Barriers Mean-Item 4 -2 to +2 -0.67 ± 0.87
Knowledge Summated 9 0 to 9 5.70 ± 1.77
Experience Summated 5 0 to 9 3.44 ± 1.08
Repellent Use Behavior Mean-Item 2 -2 to +2 1.20 ± 0.97
Table 2.4.4.3.2. Behavior-specific mean-item scales included in tick check behavior model. 
Questionnaire Item Mean ± SD Factor Loading Cronbach’s α 
Self-Efficacy 
I feel confident in my ability to always 
perform a tick check when I visit nature. 
1.10 ± 1.11 0.984 
Explained Variance = 33.84 
Method Efficacy 0.610 
I am less likely to get a tick bite if I perform a 
tick check. 
1.57 ± 0.81 0.852 
I am less likely to get Lyme disease if I 
perform a tick check. 
1.58 ± 0.83 0.820 
Explained Variance = 47.55 
Perceived Barriers 0.816 
Doing a tick check takes a lot of time. -0.85 ± 1.11 0.739 
I dislike having to fully undress to effectively 
perform a tick check. 
-0.73 ± 1.22 0.784 
I find it difficult to perform tick checks on 
myself. 
-0.12 ± 1.26 0.740 
Adopting tick bite prevention practices is 
difficult. 
-0.79 ± 1.03 0.837 
Adopting tick bite prevention practices will 
make recreation less fun. 
-0.84 ± 1.17 0.700 
Explained Variance = 58.24 
Tick Check Behavior 0.862 
Last month, when I visited nature, I 
performed a tick check. 
1.35 ± 0.89 0.946 
In the coming month, if I visited nature, I 
would perform a tick check. 
1.05 ± 1.17 0.946 




The aim of this study was to examine the determinants of three prominent LD preventative 
behaviors, which were wearing protective clothing, applying repellents, and performing a tick 
check. The survey instrument designed for this study was based on existing evidence from the 
field of health behavior and zoonotic disease research, which has demonstrated predictive power 
within the scope of preventative behavior adoption (van der Heijden et al., 2017). A review of 
existing LD prevention literature revealed, first, that research characterizing individual’s 
engagement in LD preventative behaviors is limited; second, there are gaps in our understanding 
of the factors that influence individual preventative behavior uptake, particularly among people 
with increased risk of exposure, such as recreationists; third, the application of health behavior 
theory is lacking, even though there is evidence to that behavioral theory contexts could prove 
useful in our understanding of preventative behavior. The goal of this research was to help 
provide insight into these three gaps in the research. 
Overall, the data from this study revealed that LD preventative behaviors are largely 
underutilized among recreationists. Performance of the tick check was the most widely adopted 
preventative behavior among participants, followed by the use of insect repellent, and lastly 
dressing in protective clothing. These results are consistent with the findings from the literature 
(Gupta et al., 2018; Nawrocki & Hinckley, 2021; Niesobecki et al., 2019). Niesobecki et al. 
(2019) reported similar proportions for routine use of personal preventative behaviors in 
Connecticut, however their research did not include any questions regarding protective apparel. 
These findings contrast that of Gupta et al. (2018) who reported much lower proportions of 
preventive practice among survey respondents in Delaware. Nawrocki et al. (2021) reported 
similarly low proportions of routine use of personal preventative behaviors among US residents. 
 
 39 
The inconclusive nature of this literature reiterates the importance of understanding LD 
prevention behaviors more thoroughly.   
In reviewing the results of the behavior model analyses, multiple notable patterns emerge. 
Individual perceptions of self-efficacy, method efficacy, risk, and benefits all contributed 
significantly to prevention practice in each of the three behaviors studied. Among these 
determinants, self-efficacy demonstrated the most significant association with preventative 
behavior in each of the three models evaluated.  
The proposed preventative behavior models varied slightly in their degree of predictive 
capability, ranging from 41.4% to 52.6% explained variance. The protective clothing behavior 
model demonstrated the least explained variance, whereas the tick check and repellent models 
demonstrated the most.  
Previous studies applying behavior theory to TBD prevention have demonstrated a similar 
range of explained variance. Valois et al. recently developed and tested a scoping LD prevention 
model based on the theory of planned behavior that demonstrated 57.7% explained variance 
(Valois et al., 2020). In contrast to the research described in this thesis, Valois et al. (2020) used 
one LD prevention index that combined individual’s responses to 10 different behaviors, ranging 
from “look into ways to prevent LD” to “walk on cleared paths and trails; avoiding tall grass 
during outdoor activities.” While such findings remain useful, understanding what drives 
specific, discrete preventative behaviors is critical in this context when the efficacy of measures 
varies so greatly. In another analysis focused specifically on the tick check, Van der Heijden et 
al. found that a social cognitive theory model explained 25% of the variance in individual’s tick 




2.5.1. Implications for Theory and Practice 
Because these findings are based in behavioral theory and existing evidence, several 
theoretical and practical implications can be formulated: 
The significant influence self-efficacy demonstrated in this research is in line with modern 
health behavior literature. Researchers have come to posit that individuals’ perceptions of their 
own self-efficacy plays a major role in their subsequent behavior. This shift in understanding is 
demonstrated by the growing body of HBM research that now incorporates self-efficacy into its 
theoretical models. As self-efficacy is based in an individual’s perception of his or her ability to 
successfully perform a behavior, it serves to shape individual beliefs concerning one’s ability to 
effect change in health outcomes (i.e., prevent LD). Translating this finding into a practical 
recommendation may offer a new direction for interventions to prevent LD. Interventions 
designed around behavior modeling are one such example. By creating opportunities to watch 
others successfully perform LD preventative behaviors, individuals can acquire new shills and 
gain confidence in their ability to perform certain health behaviors. ‘Coping’ models, who 
successfully struggle with and then overcome impediments, could prove particularly effective in 
increasing self-efficacy around the tick check, as it is the behavior participants reported the most 
barriers to. McAlister at al. provide a comprehensive list of additional strategies to increase self-
efficacy, such as guided practice, verbal persuasion, and planning coping responses (McAlister et 
al., 2008).  
Despite the demonstrated association between individual risk perceptions and LD 
preventative behavior, interventions focused solely on increasing LD risk perceptions should be 
approached with caution (Peters et al., 2013). In a recent meta-analysis, Peters et al. (2013) 
demonstrated a significant interaction between threat and efficacy, such that threatening-or fear-
arousing messages (i.e., fear appeals) only had an effect in changing behavior under high self-
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efficacy. Given the findings from this meta-analysis and the evidence provided by this research, 
it is recommended that interventions using fear appeals exclusively be used in tandem with self-
efficacy strategies.  
In addition to the aforementioned determinants, perceived barriers to preventative behavior 
were observed to have influence in both the protective clothing and tick check models. However, 
perceived barriers failed to demonstrate significance in the repellent use model. These 
contrasting results likely point to differences in the survey items used to measure perceived 
barriers to behavior. Perceived barriers were assessed using questionnaire items addressing 
general barriers to preventative behavior as well as items addressing barriers that are unique to 
the three behaviors of interest. While statistical analyses supported the creation of these scales, it 
is possible that the items used to measure repellent use barriers were not as salient among 
participants. 
Experience demonstrated similarly inconsistent influence on the three prevention behaviors 
studied, with significant association demonstrated only in the context of tick check behavior. 
Unlike perceived barriers, this discrepancy cannot be attributed to questionnaire items as the 
measure of experience was specific to ticks and LD and did not vary across the three behavior 
contexts. Still, it is possible that experience statements posed to participants were so widely 
reported among participants that the predictive power of this construct was artificially 
diminished. However, if that were the case, one would expect to see diminished predictive power 
across LD preventative behaviors. As this was not the case, our findings signal a need for future 
research into the relationship between experience and preventative behavior in an LD context.   
Interestingly, knowledge did not demonstrate statistically significant association with LD 
prevention in any of the three behaviors models evaluated. This result is in line with the findings 
from van der Heijden et al., who found no association between individual knowledge and 
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performance of the tick check (van der Heijden et al., 2017). As such, while this finding is 
unsurprising, it brings into question the prioritization of awareness initiatives by health 
authorities and local governments. Among current strategies in place for promoting LD 
prevention in communities, education is often at the forefront. However, the immaterial 
influence of individual knowledge and experience on preventative behavior brings into question 
the efficacy of this public health approach.  
The associations observed in the three LD preventative behaviors studied and self-efficacy, 
method efficacy, risk, and benefits are in line with theory and provide clear implications for 
future interventions. These findings, along with the high levels of explained variance observed in 
each behavior model, point to the value of novel hybrid health behavior approaches. While single 
constructs have been adapted from auxiliary theoretical frameworks in the past, it is quite 
uncommon in health behavior literature to fully integrate two theories as was done in this 
chapter. And yet, we found that drawing strengths from two prominent health behavior models 
allowed us to effectively predict LD preventative behavior. And so, while this research approach 
challenged traditional health behavior research, we hope that these findings emphasize 
importance of operationalizing theory as a means to prioritize health behavior applications.  
2.5.2. Strengths and Limitations 
The strengths of the present research include the number of preventative behaviors 
studied and the theory-based nature of the study design. Additionally, the in-person surveying of 
recreationists in an LD endemic area, during a high-risk season, was designed to limit the effect 
of recall bias on the self-reported behavior responses. However, the self-reported nature of this 
data still presents potential biases that should be acknowledged. 
Self-reporting of health behaviors could lead some participants to overestimate the extent 
to which they engage in prevention measures. However, in the interest of reducing participants’ 
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social desirability bias, we indicated to all participants that their responses were anonymous, and 
they completed the questionnaire by themselves before submitting to us. 
2.5.3. Recommendations for Future Research 
Based on the literature as well as the current study’s findings, an overall recommendation 
is to base future public health initiatives in established behavioral theory. Intervention mapping 
(IM) is a protocol for planning effective, theory- and evidence-based health behavior 
interventions (Bartholomew et al., 2016). Developed by in 1988, this comprehensive 
methodology provides practitioners with a framework for addressing complex health behavior 
issues (Bartholomew et al., 1998). This approach brings together the strengths of academic 
research and public health practice, to develop appropriate promotion and behavior change 
solutions. In doing so, IM provides practitioners with a framework that can be used to target 
specific psychosocial constructs that have demonstrated significant associations with an 
intervention of interest. In light of the research findings highlighted in this chapter, we 
recommend that future public health initiatives utilize IM to develop interventions that 
effectively strengthen individual self-efficacy beliefs.  
Another promising avenue for future research would be the explored influence of cues to 
action on LD preventative behaviors. Cues to action refer to the signs or triggers that elicit 
engagement in a particular health action. While this variable was not included in the included in 
the final theoretical framework for this research, state agencies and municipal recreation areas 
dedicate time and resources each year into generating notices and educational materials aimed at 
increasing awareness of local LD risks. Thus, more research is needed to evaluate the influence 
cues to action have in determining individual’s LD preventative behavior.     
Lastly, we recommend experimental testing of the models examined in this study in other 
high-risk populations. Future research populations of interest include outdoor workers, such as 
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wildlife biologists, foresters, and park rangers, as well as other types of recreationists, such as 
golfers, backcountry campers, and hunters.  
2.6. Conclusion 
Using an integrative theoretical framework, this study examined three widely promoted 
LD preventative behaviors: (1) protective clothing behavior, (2) repellent use behavior, and (3) 
tick check behavior. The proposed behavior models varied in their degree of predictive 
capability, ranging from 41.4% to 52.3% explained variance. In identifying the determinants 
associated with the LD preventative behaviors of interest – and those that are not – these findings 
present implications to both theory and practice. Results from this analysis establish self-
efficacy, method efficacy, risk, and benefits as determinants in the adoption of LD preventative 
behavior, supporting the inclusion of these constructs in future health behavior research. In 
contrast to traditional public health outreach initiatives, tick-related knowledge and experience 
did not have a strong influence on individual preventative behavior. These findings demonstrate 
the importance of health behavior theory in infectious disease mitigation contexts. It is our hope 
that the dissemination of this information helps to inform researchers and public health officials 





A LAND MANAGEMENT APPRROACH TO LYME DISEASE: 
ATTITUDES AND PERCEPTIONS OF ADAPTIVE LAND 
MANAGEMENT STRATEGIES AMONG PRIVATE WOODLAND 
OWNERS IN MAINE 
3.1 Introduction 
Since Lyme disease (LD) was first described in the 1980s (Burgdorfer et al., 1982), LD 
and its etiologic agent, Borrelia burgdorferi, have become household names across the north-
eastern US. In 1991, when LD first became a nationally reportable disease to the United States 
Centers for Disease Control and Prevention (CDC), a total of 9,470 cases were reported. This 
number has since increased > 3.5x to 34,945 new cases each year (CDC, 2019). What is more 
concerning, is that researchers believe this figure to be drastically under representative of the 
actual number of new LD infections, a number they now believe to be around 476,000 cases per 
year (Kugeler et al., 2021).  
While some of the increases in infection can be attributed to diagnostic advancements 
and greater awareness among medical practitioners, mounting evidence attributes much of this 
increase to changes in land use, human activity, and climate change (Dumic & Severnini, 2018; 
Kilpatrick et al., 2017; Simon et al., 2014). This can be explained by the fact the principal vector 
of LD in North America, the blacklegged tick (Ixodes scapularis), spends 90% of its life cycle 
outside of the host in ecosystems where temperature and humidity directly affect tick 
development, activity, survival, and host-seeking behavior (Wang et al., 2019). LD ecology is 
particularly coupled with forest ecosystems where forest floor microclimates (Lubelczyk et al., 
2004; Tran & Waller, 2013), and highly competent hosts for the LD spirochete, like white-footed 
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mice (Allan et al., 2003), amplify tick populations. With over 800 million acres of forest and 
woodland in the United States, forests account for 33% of the total land mass of the country. 
These forests provide a variety of ecosystem services, ranging from carbon sequestration and 
biodiversity preservation to human-oriented services such as recreation and industrial products. 
However, these forests have undergone a number of changes in recent decades leading to 
fragmentation and biodiversity loss (Lorimer, 2001). Given how tightly the blacklegged tick’s 
life cycle is linked to forest ecosystems, such changes to the US forestlands have been widely 
implicated in the emergence and spread of zoonoses such as LD (Wood & Lafferty, 2013). 
Researchers are now focusing their attention on identifying specific ways in which forest 
structure impacts tick abundance and TBD systems. Previous studies have shown entomological 
risk for LD to increase in more highly fragmented forest habitats (Allan et al., 2003; Li et al., 
2012; MacDonald et al., 2019; VanAcker et al., 2019) with lower host diversity and higher 
abundance of competent host species (Ruyts et al., 2016; Wood & Lafferty, 2013). These 
findings explain how anthropogenic changes to forests throughout the northeastern US have had 
cascading impacts on natural ecosystems, altering vector-borne disease dynamics. 
 Though the ecological nature of LD remains complex, new findings point to potential 
opportunities for mitigating vector occurrence and disease transmission through adaptive forestry 
practices. Results from a recent study examining the ways in which active forest management 
impacts blacklegged tick are encouraging (Conte et al., 2021). Conte et al. found evidence to 
suggest that active harvesting reduces blacklegged tick populations as well as that of small 
mammal species frequently parasitized by ticks. Other researchers have looked at the efficacy of 
peridomestic strategies designed for properties like personal residences in close proximity 
forestland. Studies examining the efficacy of peridomestic strategies such as clearing leaf litter, 
creating dry barriers, and applying acaracide solutions to be protective, albeit not significant 
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statistically (Connally et al., 2009; Hinckley et al., 2016; Vazquez et al., 2008). As this body of 
work continues to develop and more findings are shared, active land management may lend itself 
as a means to inhibit entomological risk of exposure to tick-borne pathogens on the landscape.  
While the efficacy of these strategies continues to be evaluated at the ecological and 
biological level, little work has been done to examine such efficacy at the social level. In the case 
of peridomestic disease management, the efficacy of a particular strategy is negligible without 
actual on-the-ground engagement from landowners themselves. More work is needed to 
characterize landowners’ attitudes, beliefs, motivations, and behaviors concerning ticks and LD 
at this time. 
 In the state of Maine, which now leads the nation with the highest incidence of LD cases 
per capita (132.2 per 100,000 individuals; Robinson & McFarren, 2018), private woodland 
owners (PWOs) represent a landowner group of particular interest. The properties of PWOs 
provide countless societal and ecosystem benefits to communities across North America. This is 
especially true in Maine, where PWOs own and control approximately 30% of the state’s 17.6 
million acres of forests and woodland, accounting for more than 5.2 million acres of land cover 
(USDA Forest Service, 2021). Thus, PWOs represent a landowner group of particular interest 
due to their control over large segments of the landscape in Maine.   
Moreover, private woodland ownership is highest in the areas of the state with the highest 
incidence of LD. This points to both the heightened risk of exposure PWOs face, as well as the 
potential role they could serve in disease management. Controlling a large portion of the state’s 
forestland, PWOs have the capacity to alter forest landscapes in ways that could mitigate disease 
transmission. Thus, understanding the factors that influence the PWOs’ land management 
decisions is of significant interest.  
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This chapter makes a specific assessment of if and how PWOs currently incorporate LD 
prevention into their woodlot management decisions, and how willing they would be to adapt 
their management behavior to reduce the risk of LD exposure in the future. In doing so, this 
chapter asks the following research questions: 
1. What are the attitudes, beliefs and perceptions held PWOs’ perceptions regarding LD 
prevention and land management? 
2. What are the opportunities for and barriers to PWOs’ adoption of land management 
strategies for disease mitigation? 
This research is descriptive in nature, designed to establish a preliminary understanding 
of PWO’s LD awareness, risk perceptions, management behaviors, providing a basis for 
generating hypotheses for further quantitative inquiry and for identifying gaps and tensions for 
future qualitative research. In doing so, we hope that this descriptive research “illuminates 
knowledge that we might not otherwise notice or even encounter” and creates opportunities for 
producing “new knowledge about value systems or practices” that may not have been identified 
previously (Knupfer & McLellan, 1996).  
3.2. Methods 
 
3.2.1. Study Area 
Data collection was conducted in Cumberland County, Maine. Located in southern part 
of the state, Cumberland County is among the counties in Maine with the highest incidence of 
LD cases reported annually as well as the highest percentage of private woodland ownership. As 
such, this area provided a unique opportunity for examining both the social dimensions and 
biological dimensions of LD interventions as were the goals of the larger project that this 
research was situated within. While the biological component of the project examines the effects 
of specific harvesting practices on LD proliferation in forest landscapes, the social component 
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offers complementary insights into how PWOs are thinking about LD and disease management 
practices currently.   
 
Figure 3.2.1. Lyme disease incidence and nonindustrial private forestland in Maine. (Data from 
2018.) 
3.2.2. Study Participants 
 For the purposes of this study, PWOs were defined as non-commercial landowners 
owning properties of 10-acres of more. Potential participants (those fitting the private woodlot 
owner criteria) were selected as the population of potential participants were selected from the 
resident population of the towns of New Gloucester, Gray, Cumberland, Standish, Pownal, 
Gorham, North Yarmouth, Windham, and Raymond. A list of potential participants was prepared 
using public tax records provided by each town’s municipal office. These records included 
information about each residence’s mailing address, property size, and other pertinent 
information necessary for selecting potential participants. In total, 1,525 potential participants 
were identified. These potential participants were then randomly divided into two experimental 
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groups; one of which was recruited using mailing methods (Group A), the other of which was 
recruited using DOPU methods (Group B). This random assignment process was conducted by 
town, meaning that of the potential participants identified in each town, an even number were 
assigned to each experimental group described above. Surveys were administered to PWOs 
according to the method assigned to the residence, with a cover letter detailing requirements for 
participation and instructions for survey completion. Eligibility for informed consent required 
that individuals participating in the study be 18 years of age or older. Participation was limited to 
one adult owner per residence, with the added specification that the participating individual be a 
property owner of said residence. The protocol used for surveying administration is further 
detailed below. 
Of the initial 1,525 residences identified as potential participants, 764 were randomly 
assigned to Group A and were recruited to participate via mailing methods. Questionnaires were 
administered to these participants using a traditional mailing technique in the fall of 2019 and the 
spring of 2020. Packets containing a participation consent form, a cover letter explaining the 
purpose of the study as well as instructions for survey completion, and the questionnaire itself 
were mailed to the addresses of Group A residents. Participants were instructed to return their 
completed surveys using a return postmarked envelope that was included in the survey packet 
they received. Two weeks after the initial survey mailing a thank-you postcard was mailed 
expressing researchers’ appreciation for those who had participated and reminding those who 
had not yet returned the questionnaire that their participation was still valuable. Four weeks after 
the initial survey mailing a replacement questionnaire was sent to all nonrespondents along with 
a cover letter asking recipients to complete the questionnaire provided and return it as soon as 
possible. Of these 764 mailings, only 752 were delivered, with the other 21 mailings marked as 
undeliverable by the US Postal Service. Of these 752 residences, 296 completed the survey 
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questionnaire, representing a response rate of 39.9%. 296 surveys participants were included in 
the analysis. 
Of the remaining 772 residences assigned to Group B, only 95 were able to be recruited 
over the course of this study. While this study intended to contact all 1,525 residences identified 
as potential participants, the emergence of COVID-19 introduced new safety concerns and public 
health recommendations that inhibited in-person sampling. Prior to the emergence of COVID-19, 
questionnaires were administered to Group B in the fall of 2019 using a drop-off and pick-up 
(DOPU) method (Allred & Ross-Davis, 2011). Utilizing this method, questionnaires were 
delivered via a doorknob hanging packet that included a participation consent form, a cover letter 
explaining the purpose of the study as well as instructions for survey completion, and the 
questionnaire itself. The instructions included in these packets communicated to residents that 
questionnaire retrieval would occur during a 2-hour window two days after the initial 
questionnaire was delivered. Thus, participants could choose to be present for questionnaire 
pick-up or simply leave the completed questionnaire on their doorknob for retrieval as instructed 
in the survey materials. If the questionnaire was not left for retrieval, a reminder note was left 
indicating that researchers would be returning during a 2-hour window an additional two days 
later. If the completed questionnaire was still not left for retrieval at this time an additional 
questionnaire and note was left asking the resident to mail in their completed questionnaire using 
a return postmarked envelope that was left along with said note. Of the 95 residences recruited 
via DOPU, only 86 residences were accessible to researchers. Among these 86 residences, 55 
completed the survey questionnaire, representing a response rate of 64.0%. All 55 of these 





3.2.3. Questionnaire Design 
Questions were designed to capture participants attitudes, beliefs, and behaviors related 
to LD and land management. The questionnaire contained binary, Likert-scale, and multiple-
choice questions covering: (1) general information of the land owned by respondents, (2) 
ownership objectives, (3) management history, and (4) personal property engagement. This 
portion of questionnaire was heavily influenced by the National Woodland Owner Survey 
(NWOS), a nation-wide survey implemented by the U.S. Department of Agriculture Forest 
Service, Forest Inventory and Analysis program. The NWOS is conducted every five years, and 
collects extensive information on the attitudes, behaviors, and other characteristics of America’s 
private forest owners. Many of the potential participants identified for this study were likely 
contacted during the 2017-2018 iterations of the NWOS. In hopes of leveraging this familiarity, 
questionnaire items pertaining general land management were modeled after relevant items 
included in the NWOS.  
The questionnaire also assessed participants’ attitudes specific to LD and the potential 
implementation of various prevention and management practices, with questions covering: (5) 
general attitudes towards ticks and LD, (6) personal tick bite preventative behaviors, (7) 
knowledge and experience related to LD, (8) awareness of LD management strategies, (9) 
perceived efficacy of various LD management strategies, and (10) attitudes toward climate 
change. The questionnaire also collected demographic information that served to provide a 
profile of respondents. This portion of the questionnaire was informed by existing LD 





3.2.4. Data Processing and Analysis  
Following collection, two research personnel, including the lead author of this article, 
reviewed all returned surveys for completeness and legibility before entering responses into an 
electronic database. Using this electronic database, researchers performed manual data 
processing to prepare the database for analysis. This electronic database was then cleaned and 
analyzed using IBM’s Statistical Package for Social Science 26.1 (SPSS).  
Potential non-response bias was examined, with no detected differences between 
respondents surveyed using mailing methods and those surveyed using DOPU methods. 
Independent samples t-tests and Pearson Chi-square tests demonstrated no statistically significant 
differences (p ≤ 0.05) in respondents’ demographic profiles or land characteristics between the 
two survey methods used. Thus, all 355 participants were examined as one sample of PWOs.  
3.2.4.1. Analysis of Survey Responses 
Frequency distributions were used to summarize the characteristics of the respondent 
population and their responses to individual questionnaire items. In doing so, this descriptive 
analysis aims to establish a preliminary understanding of what PWOs are thinking and doing 
about LD.  
In addition to establishing a preliminary understanding of PWOs’ attitudes, beliefs, and 
behaviors related to LD, a goal of this analysis was to explore the associations among individual 
characteristics and histories and particular factors of interest. Thus, individual characteristics 
were collapsed into dichotomous and categorical variables in order to examine bivariate 
relationships. The dichotomous respondent factors that were examined as potential explanatory 
variables in our analyses included gender (male, female), engagement with recreation activities 
on property, engagement with land management activities on property (yes, no), reported history 
of receiving LD information (yes, no), reported history of receiving land management 
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information (yes, no). The categorical respondent factors that we examined as potential 
explanatory variables in our analyses included age (collapsed into four categorical groups: 20 to 
40, 41 to 60, 61 to 80, and > 80 years old), length of ownership tenure (collapsed into four 
categorical groups: 0 to 10 years, 11 to 20 years, 21 to 30 years, and > 30 years), education level 
(collapsed into four categorical groups: < high school, trade school, undergraduate, and graduate 
degree), income level (< $50,000, $50,000 to $99,999, $100,000 to $149,999, and > $150,000 
annually), parcel size (1 to 20, 21 to 50, 51 to 100, and >101 acres), woodland size (1 to 20, 21 to 
50, 51 to 100, and >101 acres).  
Following this data processing, analyses examining the relationships between PWOs’ 
individual characteristics and histories, and their awareness, concerns, beliefs, and behaviors 
related to LD were conducted. In order to test for similarities and differences, independent 
samples t-tests and one-way Analysis of Variance (ANOVA) were performed on the newly 
created dichotomous and categorical variables. Homogeneity of variance was tested along with 




3.3.1. Profile of Respondents 
 
In total, 355 individuals participated in data collection of which 355 were included in the 
analysis. Sixty-nine percent (n = 223) of participants were 61 years of age or older. Mean age of 
the sampled population was 65.0 years (SD = 12.9), ranging from 30 years to 101 years. More 
than one half of respondents identified as female (50.3%). Most participants (90.0%) received a 
post-secondary education, having pursued a college degree or some intermediate vocational 
training through trade of technical school programs. For 9.9% of participants the highest level of 
education achieved was high school. Reported income varied greatly among participants, as 
shown in Table 3.5.1. However, considering the average age of the sampled population it is 
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possible that this range in reported income is due in part to retirement. The participants had 
different frequencies of visiting nature, but most reported visiting nature daily or weekly 
(92.0%).  
Table 3.3.1. Demographics characteristics of PWO survey respondents.  
Characteristics (unit if 
applicable) 
Type of variable (categorical or 
continuous) 
% of n n 
Age (years) 20-40 4.3% 323 
 41-60 26.6%  
 61-80 58.2%  
 > 80 10.8%  
Gender Male 49.6% 324 
 Female 50.3%  
Education High School 9.9% 322 
 Trade or Technical School 7.5%  
 Undergraduate Degree 46.9%  
 Graduate Degree 35.7%  
Income Less than $25,000 6.0% 284 
 $25,000-$49,999 17.3%  
 $50,000-$99,999 30.0%  
 $100,000-$149,999 22.8%  
 > $150,000 23.9%  
Frequency Visiting Nature Daily 64.8% 327 
 Weekly 27.2%  
 Monthly 5.5%  
 A few times per year 2.4%  
 
3.3.2. Landownership characteristics 
 
Property size varied greatly among the residences sampled, with respondents owning 
between 1 and 400 acres of land. As shown in Table 3.5.2, the majority of respondents (87.8%) 
owned 50 acres or less of wooded land. Length of ownership was more evenly distributed among 
respondents with 23.7% being new owners with 10 years or fewer of experience, 17.6% with 11 
to 20 years of experience, 20.8% with 21-30 years of experience, and 37.9% being long-term 
owners with over 30 years of experience. Eighty-one percent of respondents purchased their 
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land, while another 13.3% reported inheriting their land. Only 3.4% of respondents received their 
land as a gift. In most instances, property ownership was limited to 2 individuals or less (95.8%).  
Respondents indicated many different objectives for their property with the most 
common being amenity reasons, such as enjoying scenery or privacy, rather than for the purpose 
of producing timber or nontimber products. This point is reiterated by the fact that, on average, 
respondents reported that less than 0.5% of their annual household income is derived from their 
woodland. However, 71.8% of respondents still reported some history of harvesting on their 
woodland. Less than one-quarter of respondents had a written management plan (20.4%). 
Moreover, only 23.4% of respondents reported personally employing management strategies on 
their woodland.  
Over three-quarters of respondents reported using their wooded land for recreational 
purposes (76.1%). Non-consumptive recreation activities were the most popular among 
respondents, with 93.8% hiking and 59.1% skiing or snowshoeing on their wooded land. Hunting 
was also a common recreational activity, with slightly less than half of respondents indicating 
engagement in this activity on their woodland. Chi-squared tests demonstrated that those 
interacting with their land for land management (χ² = 12.637, df = 3, p = 0.005) or recreation 




Table 3.3.2. Land ownership characteristics of PWO survey respondents.  
 
Characteristics (unit if applicable) Type of variable (categorical or continuous) 
% or mean 
(SD) 
n 
Size of woodland owned (acres) 1-20 56.0% 343 
 21-50 31.8%  
 51-100 8.5%  
 > 101 3.8%  
Length of ownership (years) 0-10  23.7% 346 
 11-20 17.6%  
 21-30 20.8%  
 > 30 37.9%  
Means of acquiring woodland Purchased 81.0% 353 
 Inherited 13.3%  
 Received as a gift 3.4%  
No. of people as part of woodland ownership 1 30.8% 314 
 2 65.0%  
 3 or more 4.1%  
Ownership Objectives1 To enjoy beauty or scenery. 85.2% 345 
 To protect nature or biological diversity. 76.2% 344 
 To protect water resources. 60.8% 337 
 To protect or improve wildlife resources. 73.2% 343 
 For land investment 40.8% 348 
 To raise my family. 69.2% 341 
 For privacy. 85.3% 340 
 To pass land on to my children or other heirs. 45.9% 338 
 For firewood. 30.5% 341 
 For timber products, such as logs or pulpwood. 13.3% 346 
 
For nontimber products, such as berries or maple 
syrup. 
12.3% 342 
 For hunting. 20.4% 343 
 For recreation, other than hunting.  60.6% 343 
History of harvesting on woodland2 Yes 71.8% 319 
 No 28.2%  
Household income derived from woodland 
(%) 




Have a written management plan Yes 20.4% 313 
 No 79.6%  
1 Ownership objectives were reported on a 5-point Likert-like scale from (+2) “Strongly Agree” to (-2) “Strongly  
Disagree.” For the purposes of data analysis, responses of (+2) “Strongly Agree” and (+1) “Agree” were collapsed into 
a single pool of respondents holding a particular ownership objective. 




3.3.3. Familiarity with LD 
 
Respondents demonstrated varying levels of familiarity with ticks and LD. The average 
participant correctly answered six out of nine True/False knowledge items included on the 
questionnaire (Table 3.5.3.1). Only ten PWOs (2.9%) correctly answered all nine knowledge 
items. The most commonly incorrect items were “Most cases of Lyme disease occur in late 
spring and early summer” and “Maine has the highest rate of new Lyme disease cases per 
capita,” both of which are true statements. Nearly all PWOs correctly answered false to the 
statement “Ticks are only present in the forest” and true to the statement “Lyme disease can lead 
to nerve disorders, joint problems and/or heart problems.” Respondents personally engaged in 
land management or recreation activities on their property were found to have significantly 
higher overall knowledge scores (F = 7.074, p = 0.008). A similarly significant heightened level 
of knowledge was also observed among respondents who reported having received non-specific 
land management information pertaining to their property in the past (F = 6.872, p = 0.009). In 
contrast, receival of LD-specific land management information did not demonstrate any 
significant relationship with respondents’ overall knowledge. 
Table 3.3.3.1. PWOs’ LD and tick-related knowledge scores.  
 Correct 
Mean Score ± 
SD 
Knowledge  6.33 ± 1.44 




Lyme disease can lead to nerve disorders, joint problems and/or 




Lyme disease is caused by a bacterium that can only be transmitted 













If the tick is removed from the skin within 24 hours, the chances of 









Maine has the highest rate of new Lyme disease cases per capita. 
104 
(30.5%) 
Most cases of Lyme disease occur in late spring and early summer. 68 (20.0%) 
Nearly all participants (98.2%) reported finding a tick in their home or on one of their 
pets before, and 94.5% reported having personally been bitten by a tick (Table 3.5.3.2). The 
majority of participants (93.6%) also reported knowing someone who has or had LD. Over one 
quarter of PWOs (26.1%) reported personally having contracted LD. Interestingly, respondents’ 
overall number of experiences were not significantly associated with any socio-demographic or 
landowner characteristic variables. 
Table 3.3.3.2. PWOs’ self-reported LD and tick-related experience. 
N (%) 
Mean Score ± 
SD 
Experience 3.11 ± 0.63 
I have found a tick in my home or on one of my pets before. 
335 
(98.2%) 
I have been bitten by a tick before. 
325 
(94.5%) 
I know someone who has Lyme disease or has had it before. 
321 
(93.6%) 
I have Lyme disease or have had it before. 89 (26.1%) 
3.3.4. Attitudes towards and Concerns about LD 
Attitudes toward LD were observed using two items measuring perceived susceptibility 
and four items perceived severity. Nearly all participants demonstrated some level of perceived 
severity of LD (91.3%). Slightly fewer participants demonstrated some level of perceived 
susceptibility to LD (85.4%). Moreover, results indicated that the degree to which participants 
perceived the severity of LD (mean = 1.28, SD = 0.66) was slightly higher than that of perceived 
susceptibility (mean = 1.10, SD = 0.85). ANOVA analysis results did demonstrate an association 
between respondents’ level of perceived susceptibility and reported income (p = 0.03). 
Specifically, respondents reporting a household income level of less than $50,000 before taxes 
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had significantly higher levels of perceived susceptibility (mean = 1.34, SD = 0.65) than those 




Table 3.3.4. PWOs’ attitudes towards LD. 





1.10 ± 0.85  0.659 
There is a high risk that I will be bitten by 
a tick if I spend time in my wooded land. 
1.58 ± 0.80  0.851  
If there are ticks around on my property, I 
am likely to get Lyme disease. 
0.62 ± 1.13 0.731  
Explained Variance = 76.02    
Perceived Severity 1.28 ± 0.66  0.683 
I believe Lyme disease is a serious 
condition. 
1.86 ± 0.46 0.615  
I believe Lyme disease is difficult to 
diagnose. 
1.19 ± 0.99 0.681  
I believe Lyme disease is difficult to cure. 0.96 ± 1.11 0.865  
If I were to contract Lyme disease, it would 
have a significant impact on my life. 
1.12 ± 1.02 0.789  
Explained Variance = 63.46    
Property Engagement  0.17 ± 1.26  0.854 
I don’t like to be in areas on my property 
where I know there are lots of ticks. 
0.22 ± 1.49 0.905  
I avoid areas of my property that may have 
ticks for fear of developing Lyme disease. 
-0.25 ± 1.46 0.900  
I feel worried about ticks after spending 
time in my wooded land. 
0.57 ± 1.35 0.756  
Explained Variance = 77.42    
1 5-point Likert-like scale from (+2) “Strongly Agree” to (-2) “Strongly Disagree.” 
 
When asked directly, “how concerned are you about LD on your property?” respondents 
reiterated the results from the aforementioned mean-scale items (mean = 3.89, SD = 1.08). On a 
scale of 1 to 5, with 1 denoting respondents as “not at all concerned” and 5 denoting respondents 
as “extremely concerned,” more than one-third of respondents reported “extreme” levels of 
concern (36.3%). T-test results indicated that respondents who identified as female demonstrated 
significantly higher levels of property-specific LD concern (mean = 4.13, SD = 1.29) than that of 
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their male counterparts (mean = 3.66, SD = 1.10). In contrast, respondents’ age, education, 
income, ownership tenure, parcel size, recreation practices, or land management actions did not 
demonstrate any significant relationship with respondents’ overall property-specific LD concern. 
3.3.5. LD Management Actions 
Despite demonstrated knowledge of and experience with ticks and LD, only 19.9% of 
respondents reported being aware of any management strategies aimed at reducing LD on 
wooded land. Among these respondents, several different modes and sources of receiving 
information and/or advice pertaining to LD on their property were indicated. The most widely 
accessed modes of LD information were brochures and/or other written materials (62.1%) and 
the internet (51.5%). The most frequently reported sources of LD information were family 
members or friends (45.5%) and extension foresters or other university employees (30.3%). 
Participants also indicated medical professionals and media outlets as sources of LD 
management information, neither of which were included as items in the questionnaire. 
Table 3.3.5. Modes and sources of LD information reported by PWOs. 
Questionnaire Item  n (%) 
LD Info Mode 
Spoke to someone. 27 (40.9%) 
Someone visited my land. 6 (9.1%) 
Received a brochure or other written material. 41 (62.1%) 
From the internet. 35 (53.0%) 
Email/E-newsletter 13 (19.7%) 
Attended a conference or workshop. 12 (18.2%) 
Other 14 (21.2%) 
LD Info Source 
State or local government employee. 16 (24.2%) 
Federal government employee. 3 (4.5%) 
Extension forester or other university employee. 20 (30.3%) 
Private consultant or other forest industry professional. 15 (22.7%) 
Non-profit organization. 18 (27.3%) 
Another landowner. 12 (18.2%) 
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Family member or friend. 30 (45.5%) 
Other 15 (22.7%) 
Sixty-six participants reported awareness of management strategies aimed at reducing LD 
on their property’s wooded land specifically. In a follow-up open-ended question, a variety of 
strategies were described. Clearing brush was the most commonly reported strategy, with 
twenty-two respondents listing it as a method for LD management. The use of pesticides (n = 
20), natural or otherwise, and mowing of any grassy areas on the property (n = 20) were also 
notable strategies identified by participants (n = 20). Ten participants described strategies aimed 
at managing deer populations ranging from hunting to limiting foraging opportunities on their 
property. Other reported management strategies included creating barrier habitats around 
property edges (woodchips, mulch, etc.), keeping chickens, and managing invasive species. 
Management of deer populations was also a notable strategy reported by ten participants. 
Participants described a variety of strategies for managing deer populations ranging from hunting 
to limiting foraging opportunities on their property.  
Perceived acceptability of six LD management strategies was measured, with respondents 
rating each strategy on six discrete criteria: effectiveness, environmental safety, human safety, 
practicality, social acceptability, and political attractiveness. Individual criteria ratings were then 
collapsed into one variable representing respondents’ “perceived acceptability” of a particular 
LD management strategy. Respondents demonstrated the highest level of perceived acceptability 
for increasing educational outreach at schools throughout Maine (76.4%). Changing forestry 
practices on personal woodlots was the second most supported LD management strategy with, 
with 13.7% of respondents demonstrating positive levels of acceptability. In contrast, LD 
management strategies aimed at increasing native predators (12.1%), physically removing small 
animals (8.7%), physically removing deer (6.1%), and spraying pesticides (4.9%) demonstrated 
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substantially lower levels of perceived acceptability among respondents. Of these methods, 
respondents demonstrated the lowest levels of support for spraying pesticides and physically 
removing deer on their properties.  
Results from ANOVA analyses demonstrated a significant association between 
respondents’ education history and their perceived acceptability of deer population management 
aimed at reducing LD (p = 0.03). Specifically, respondents who reported high school as their 
highest level of education demonstrated significantly lower levels of perceived acceptability for 
this method (mean = -1.17, SD = 0.75) than those who had gone on to pursue a graduate level 
education (mean = -0.56, SD = 1.04). ANOVA results also revealed an association between 
respondents’ perceived acceptability of changing forestry practices and their personal 
engagement in land management activities on their property (p < 0.01). Those personal engaged 
in land management activities on their property reported higher levels of acceptability (mean = 
0.33, SD = 0.81) than their (mean = -0.06, SD = 0.87). 
Respondents identifying as female reported significantly lower levels of acceptability 
(mean = -0.89, SD = 1.02; t = 2.22, p = 0.03) for the use of pesticide on their property than their 
male counterparts (mean = -0.64, SD = 0.93). Moreover, female respondents reported 
significantly higher levels of acceptability (mean = 1.45, SD = 0.69; t = -2.98, p < 0.01) for 
increasing LD educational outreach at schools throughout Maine than male respondents (mean = 
1.19, SD = 0.81).  
When asked to rate specific reasons for adopting LD prevention and intervention 
strategies on their own properties, respondents indicated several motivating factors. As shown in 
Figure 3.5.1. reducing respondents’ personal risk of LD exposure and/or that of their families 
was overwhelmingly the most salient reason with more than three-quarters of respondents 
indicating it as an “important” or “very important” reason for engaging in LD management 
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(80.6%). Reducing the risk of LD for future generations was the second most important reason 
(65.6%), followed by alleviating the economic stress of LD on the state of Maine (57.0%), and 
reducing community risk of LD exposure (55.5%). While still considered to be important by 
most respondents, reducing forester and logger risk of LD exposure demonstrated the lowest 
level of importance (39.6%).  
Figure 3.3.5.1. Motivating factors for PWO’s adoption of LD prevention strategies. 
Regarding motivating factors, the degree to which respondents felt motivated by personal 
and/or familial risk was associated with their age (F = 6.07, p < 0.01) and landownership tenure 
(F = 3.71, p = 0.01). Specifically, younger, shorter-tenure respondents were more likely to be 
adopt LD prevention strategies on their property in an effort to reduce personal and/or familial 
risk of disease exposure. Additionally, female respondents (mean = 3.98, SD = 1.16; t = -2.54,    
p = 0.01) were more likely than male respondents (mean = 3.64, SD = 1.13) to be motivated by 
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In contrast, when considering factors that may pose barriers to respondents’ adoption of 
LD prevention and intervention strategies on their own properties, respondents demonstrated a 
variety of perceived barriers as shown in Figure 3.5.2. The most common potential barriers 
indicated by participants were the perceived time and labor associated with LD prevention and 
intervention strategies (50.7%), the cost of employing LD prevention and intervention strategies 
(49.2%), and the lack of accessibility of LD prevention and intervention information relevant to 
land management (48.9%). Respondents also demonstrated an absence of perceived self-efficacy 
as 35.1% of respondents indicated not feeling “confident in [their] ability to employ LD 
prevention and intervention strategies correctly on [their] property.” Respondents demonstrated 
overwhelming confidence in LD prevention and intervention strategies to effectively mitigate the 
impacts of LD and indicated minimal concern about how their own preventative actions might be 
perceived by others (Figure 3.5.4.2).  However, only 40.4% of respondents reported that they 
were in fact interested in pursuing LD prevention as a land management objective on their 
property.  
Respondents reporting lower levels of achieved education were found to be less likely to 
find land management information related to LD prevention and intervention to be widely 
available and accessible (F = 3.604, p = 0.01). Moreover, respondents reporting lower levels of 
education were more likely to concern themselves with how others would perceive them if they 
were to employ LD prevention and intervention strategies on their property (F = 2.737, p = 
0.044). 
Respondents’ interest in pursuing LD prevention as a land management objective was 
also associated with several socio-demographic factors. Those who personally engaged in land 
management activities on their property (mean = -0.7, SD = 1.13; t = 3.443, p < 0.01) were more 
likely to disagree with the statement, “LD prevention is not a land management objective I’m 
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interested in pursuing” than those who did not personally engage in management (mean = -0.15, 
SD = 1.18). This relationship was also observed in younger (F = 3.705, p = 0.01), shorter-tenure 
(F = 3.954, p < 0.01), higher-income respondents (F = 3.147, p = 0.03).  
Figure 3.3.5.2. Barriers to PWO’s adoption of LD prevention strategies on property. 
3.3.6. Climate Change and Lyme Disease 
In terms of potential efforts that the state of Maine could make, respondents were most 
supportive of comprehensive response plans that address environmental issues (specifically 
described as change climate change and land use change) and public health issues equally 
(61.9%) or primarily address public health issues (33.2%). Fewer respondents demonstrated 
support for a response plan primarily addressing climate change/land use issues (4.5%). 
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management activities on their property (t = 2.189, p = 0.03) demonstrated significantly higher 
levels of support for response plans addressing climate change and land use change. No other 
sociodemographic or land ownership characteristics demonstrated significant associations with 
respondents’ response plan preference. 
Items directly addressing respondents’ level of concern regarding climate change and 
land use change and their effects on LD provide further context to these results. As shown in 
Figure 3.5.6.1, respondents indicated more concern about climate change and its effect on LD 
than that of land use change. More than one-third of respondents reported feeling “extremely 
concerned” about climate change (35.3%), whereas only 17.5% of respondents reported the same 
level of concern about land use change (Figure 3.5.6.1).   
Figure 3.3.6. PWO’s concerns about land use change and climate change on LD. 
Respondents’ motivating factors were significantly associated with various 
sociodemographic variables. Specifically, respondents who identified as female (mean = 3.84, 
SD = 1.29; t = -2.66, p < 0.01) or received higher levels of education (F = 3.909, p < 0.01) were 
more concerned about the effects of climate change on LD. When examining the relationships 
between environmental concern and land ownership characteristics, those who personally 
engaged in land management activities on their property (mean = -3.52, SD = 1.23; t = -2.153, p 
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LD than those who did not personally engage in management activities (mean = 3.18, SD = 
1.20). 
3.4. Discussion 
The current study aimed to better understand the variety attitudes, beliefs and perceptions 
held by PWOs’ regarding LD prevention and land management in order to improve targeted 
interventions in the future. A review of existing LD prevention literature revealed, first, that 
research characterizing landowner’s familiarity with and concern about LD prevention is limited; 
and second, that there are significant gaps in our understanding of what drives PWOs’ decisions 
related to LD management in forest ecosystems. As such, this research was designed to provide a 
preliminary understanding of the opportunities for and barriers to PWOs’ adoption of land 
management strategies for LD mitigation.  
In general, our results demonstrate PWOs possess well-rounded knowledge of ticks and LD, 
with one-half of respondents correctly answering six or more of the nine knowledge questions. 
We found that PWOs who personally engaged in land management or recreation activities on 
their property demonstrated higher levels of overall knowledge about ticks and LD; however, 
they exhibited similar levels of experience, perceived susceptibility, and property concern as 
those who did not engage in such activities on their property. As such, our study highlights the 
need to further explore how PWOs perceive and manage LD risks based on their engagement 
with their land for management or recreational purposes.  
Our results also corroborate anecdotal evidence that PWOs in this region frequently come in 
contact with ticks, as nearly all respondents (98.2%) reported having found a tick in their home 
or on one of their pets before and 94.5% having previously been bitten by a tick. Moreover, our 
results show that one in four respondents (26.1%) had contracted LD previously. These figures 
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are significantly higher than previous per capita incidence figures for Cumberland County as 
well as that observed among recreationists (7.6%) surveyed in the second chapter of this thesis. 
However, given that our results did not reveal any association between PWOs’ level of 
experience with ticks and LD and their engagement in activities on their property, channels of 
LD exposure may be less directly predictable than anticipated.  
Despite demonstrated knowledge of and experience with ticks and LD, only 19.9% of PWOs 
reported being aware of any management strategies aimed at reducing LD on wooded land. This 
knowledge gap was further highlighted by the various, incongruent strategies reported by PWOs. 
PWOs described a number of different management strategies ranging from pesticide application 
to grass maintenance to deer population management. While many of strategies described offer 
some mitigative potential, the fact remains that in no case did awareness of any single strategy in 
exceed 5.7% of the study population. This finding is further highlighted by results showing that 
only 19.9% of PWOs reported having ever received information pertaining to LD on their 
property. Together, these findings highlight the need for more focused educational outreach 
efforts targeting how PWOs can mitigate LD through land management practices. 
In addition to capturing PWOs’ knowledge on land management and LD, our results also 
provide insight into PWOs’ perceptions of commonly advocated LD mitigation strategies. 
Increasing educational outreach at schools throughout Maine was overwhelmingly the positively 
perceived strategy, with more than three-quarters of PWOs in support of this approach. This was 
followed by changing forestry practices on personal woodlots (13.7%), increasing native 
predators (12.1%), physically removing small animals (8.7%), physically removing deer (6.1%), 
and spraying pesticides (5.0%). The drastic disparities in PWOs’ perceptions of these different 
management strategies could be explained in part by the wording used in the questionnaire itself. 
Of the six potential management strategies presented to participants, all but one were specific to 
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PWOs’ personal woodlots; these included changing forestry practices, increasing native 
predators, spraying pesticides, and physically removing small mammals and deer. In contrast, 
increasing educational outreach at schools would be a statewide strategy, making it the only 
strategy presented that’s scope reaches beyond individual’s private property boundaries. Thus, it 
is possible that these differences represent underlying beliefs about who should be responsible 
for disease management. Anecdotally, PWOs’ may believe that LD is an issue that should be 
dealt with at the state-level as opposed to the individual-level. Likewise, it is also possible that 
PWOs’ lack a systemic, ecological understanding of LD that would substantiate the efficacy of 
the other property-specific strategies presented. Nevertheless, our results necessitate further 
research on the topic. Future studies should aim to distinguish distinct components of 
acceptability through measures such as method efficacy, environmental safety, human safety, 
practicality, social acceptability, and political attractiveness. Furthermore, future research should 
explicitly examine beliefs concerning responsibility and disease management. In tandem, these 
inquiries would provide important context to past and future research on the subject.  
Regarding the factors that influence PWOs’ engagement in LD management, our results 
reveal several insights. Firstly, we found that reducing personal and/or familial risk of LD 
exposure was the most salient motivating factor among PWOs, with more than one-half of 
respondents citing this as a “very important” reason for adopting LD management strategies. 
This was followed by reducing the risk of LD in future generations, reducing the risk of LD 
exposure in PWOs’ communities, and alleviating the economic stress of LD in the state of 
Maine; all of which were cited as “very important” by more than one-quarter of respondents. 
Upon further examination, we found that older, longer-tenure PWOs’ were less motivated by 
personal and familial risk than their younger, short-tenure counterparts. However, our findings 
also demonstrate that older, longer-tenure PWOs were less interested in pursuing LD 
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management altogether. Given the generally older, longer-tenure nature of the PWO population 
in Maine, further inquiry into this relationship between age and LD management is crucial.  
Another critical finding from climate change was less prioritized by respondents when asked 
about Maine’s response plan. From these results a few theories can be hypothesized. It is 
possible that this finding points to the polarizing nature of climate change in current media. 
Alternatively, this could also point to the lack of public awareness that exists concerning climate 
change’s link to the spread of LD particularly in the state of Maine.  
However, our research was evidence of a relationship between gender and attitudes toward 
nature-oriented management strategies. Our findings revealed that PWOs identifying as female 
were associated with higher levels of both LD-specific property concern and climate change 
concern. A similar gender association was also supported by results positioning female PWOs as 
more supportive of the state of Maine developing a comprehensive response plan for LD and 
TBDs that addresses climate change/land use and public health issue equally. These results are 
concurrent with a number of previous findings reporting that female PWOs display more nature-
oriented behavior (Holmgren and Arora-Jonsson, 2015; Coté et al., 2016). Nordlund and Westin 
(2010) had similar findings, revealing female PWOs to hold stronger ecological values and 
preferences for environmental and human-centered forest-management practices. More recently, 
this association was evidenced by Pröbst-Haider et al. (2021) who found significant differences 
in motivation between male and female forest owners, the latter being much more nature-
oriented and focused on landscape preservation and environmental conservation despite 
possessing sufficient knowledge about forests and their management.   
The aforementioned literature along with the heightened level of climate change concern we 
observed among our female PWO respondents, may also provide context to the differences in 
management motivations. Our results showed female PWOs weighting the reduction of LD risk 
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for future generations as a more important factor motivating their adoption of LD management 
strategies than their male counterparts. Given the gender differences evidenced above, this 
finding could reflect female PWOs’ beliefs about climate change and its looming impact on 
future generations. 
3.4.1. Implications for Practice 
While it is encouraging that our results revealed PWOs in Maine to be generally familiar 
with LD and concerned about their risk of exposure, our results also found PWOs’ to lack the 
sufficient understanding necessary to implement management actions targeting LD on their 
property. The marginal proportion of respondents reporting awareness of LD management 
strategies was reflected in the 15% of respondents found information pertaining to LD 
prevention to be widely available and accessible. With so many PWOs’ interested in adopting 
LD preventative strategies on their property, efforts are needed to ensure that appropriate, 
scientifically based information and professional advice reaches PWOs before management 
occurs. 
Although tailored communication and outreach can be used to target PWOs who are involved 
in landowner associations and who have interacted with forestry professionals and conservation 
programs previously, many PWOs in our study reported little experience interacting with 
forestry professionals or extension programs. As such, agencies may consider ways to partner 
directly with local community organizations and municipal departments to motivate and assist 
PWOs. Efforts to facilitate neighboring landowners and landowners within a community share 
information and resources may prove effective to promote collective action and coordinated 
management. Recent citizen science findings could  
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3.4.2. Strengths and Limitations 
A chief strength of this research was the extensive scope of the questionnaire. Given the 
exploratory nature of this research, it was necessary to collect data on a wide-reaching set 
subject matter. The survey instrument designed for this study was based on existing evidence 
from the field of forestry and land management research. 
By collecting information on higher-level property characteristics and land management 
histories, as well as more specific LD-oriented issues such as knowledge and response plans, our 
study was able to investigate several research questions. It is our hope that in doing so, the 
extensive nature of this research serves researchers public health officials alike, providing them 
with a preliminary understanding of the human dimensions of LD among PWOs in the 
Northeast.  
A final, notable strength of this research was a distinguished representation of female PWOs 
among survey respondents. Among studies concerning PWOs, it is typical to see higher 
percentages of male participants represented. Though it remains unclear why this research 
achieved such high representation of female participants, a few anecdotal reasons can be 
explored. Firstly, it is possible that the LD framing of survey materials yielded greater response 
rates among female participants who demonstrated heightened levels of disease concern relative 
to their male counterparts. Given that land management and forestry have traditionally been 
male-dominated disciplines, it could also be that the all-female research team represented on the 
questionnaire cover letter (Appendix D) encouraged greater participation among female PWOs.  
However, these findings are not without limitations. The small sample size used in this study 
creates challenges when extrapolating these findings to other PWO populations. This is further 
compounded by this research’s relatively small study area. As the state’s economic and 
industrial center, Cumberland County stands as the most populous and affluent county in Maine. 
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This, in and of itself, presents unique socioeconomic dynamics that are very different than many 
other areas throughout the state.  
Although many of the towns included in this research are rural and could be considered 
similar to many other regions in the state, practitioners should exercise caution when applying 
these findings to other LD endemic communities. Addressing this limitation is all the more 
important due to the number of associations our results demonstrated between socio-
demographic factors and LD management.   
3.4.3. Recommendations for Future Research 
Based on the current study’s findings as well as that of the literature, we recommend that 
future research continues to explore the internal diversity of PWOs in order to adequately 
address their different values. Moreover, future research should aim to identify the specific 
values that underly PWOs decision-making process particularly as it relates to zoonotic disease 
management. Not only would this work inform further development and testing of hypotheses 
associated with individual and collective LD management, it would also serve to inform agencies 
and authorities interested in promoting particular land management practices through targeted 
outreach and educational campaigns. In the case of LD, a disease that’s life cycle is so closely 
linked with forest ecosystems, effective communication between public health authorities and 
PWOs becomes all the more essential. 
3.5. Conclusion 
This study explored an issue that is of increasing relevance to communities across the United 
States: the mitigation of TBDs in peridomestic landscapes. Specifically, this research sought to 
understand and identify key opportunities for and barriers to implementing LD land management 
strategies on non-industrial, small-scale private woodlands. Through this research we 
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documented a shared interest in preventing and mitigating LD among PWOs in Maine. 
Furthermore, we found that PWOs’ orientations toward LD management were associated with 
several socio-demographic and land-ownership characteristics, supporting the inclusion of 
demographic data in future PWO behavior research.  
In sum, these results provide a detailed description of PWOs’ awareness, concerns, attitudes, 
needs, and challenges related to LD management. Such understanding is not only crucial for 
informing further research concerning individual and collective zoonotic management but 
provides important insight into potential LD-related policies and programs targeting PWOs. It is 
our hope that these findings be used to make easily accessible, scientifically based, and 
trustworthy information available to PWOs, and to communicate such information with PWOs at 





The goal of this research was to provide a preliminary understanding of the human 
dimensions (HD) of Lyme disease (LD) and offer insight into the ways in which two particularly 
vulnerable populations think about and responding to the current landscape of LD risk. While the 
current literature has documented the knowledge, attitudes, and beliefs of general populations in 
endemic communities (Aenishaenslin, Michel, et al., 2015; Gould et al., 2008; Herrington et al., 
1997; Nawrocki & Hinckley, 2021; Slunge & Boman, 2018), minimal research has been 
conducted among populations that frequently engage with peridomestic landscapes for 
recreational or occupational purposes. This research aimed to fill that gap, by characterizing the 
psychosocial determinants of recreationists’ preventative behaviors as well as the economic, 
environmental, and social factors that drive private woodland owners (PWOs) management 
decisions. In doing so, this research lends itself to a wide array of disease management efforts. 
This chapter reviews the significance of this research in human dimensions literature and the 
implications that this research has on LD management and public health practices.  
4.2. Significance of Research 
As human activity, land conversion, and anthropogenic climate change continue to 
threaten human and animal health, interdisciplinary approaches to combatting epidemic zoonoses 
are increasingly essential (Wendt et al., 2015). Over the last two decades, momentous progress 
has been made in integrating human health and animal health knowledge (Mills et al., 2010). 
Interdisciplinary disease management initiatives such as One Health have delineated the 
importance of understanding the human-wildlife interface in the transmission of zoonotic 
 
 77 
diseases (Ross, 2013). While this period has marked an important paradigm shift in disease 
management theory, translating such theories into practice requires significantly more thought 
and research into the HD of zoonotic disease (Decker et al., 2010). Research into the social and 
cultural dimensions of zoonotic disease can lend itself to the One Health theory and practice by 
informing our understanding of risk perceptions, value orientations, and health behavior 
(Mackenzie et al., 2014). Such work has the potential to benefit zoonotic disease messaging and 
thus the One Health vision of improving the lives of all species—human and animal.  
This research lends itself to such efforts by contributing to the broader field of HD 
zoonotic disease management research. HD research is essential for managing and understanding 
the societal consequences of diseases transmitted between animals and humans (i.e., zoonoses). 
Although there has been extensive work done to integrate knowledge concerning the pathology, 
transmission, and epidemiology of zoonoses, HD research on the subject has historically been 
limited.  
Our findings, and the body of HD research that predates it (Clarke, 2009; Vaske, 2010), 
addresses the complex social, economic, recreational, and environmental ramifications of 
zoonoses such as LD. Conducting systematic and theory-based research such as this lends itself 
to the broader realm of “facilitating understanding of the human component of [zoonotic] 
diseases” (Vaske et al., 2009, p. 248). In studying recreationists’ preventative measures through a 
health behavior lens, we were able to identify specific psychosocial factors that are central to 
individual LD prevention behavior. Such findings, if applied appropriately, have the potential to 
shape future public health communication and intervention efforts. 
Moreover, by characterizing the attitudes and perceptions held by key stakeholder 
groups, such as the population of PWOs controlling a large majority of forestland in the 
Northeast, is essential for contextualize our ecological understanding of peridomestic LD 
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management. Our results concerning the factors that influence forest management decisions 
provide a novel lens for pursuing LD management strategies in nonindustrial forest landscapes. 
The findings described in this thesis specifically aim to equip practitioners and researchers alike 
with the information they need to integrate the biological and ecological understandings of LD 
established in the literature with HD insights. In doing so, we hope that this work can be used to 
promote optimal health for people, animals, and the environment.  
4.3. Research Implications 
While previous LD literature has documented the knowledge, attitudes, and perceptions 
held by general populations in endemic communities, minimal research has been conducted 
among populations that frequently engage with peridomestic landscapes for recreational or 
occupational purposes. This research aimed to fill that gap, by characterizing the psychosocial 
determinants of recreationists’ preventative behaviors as well as the economic, environmental, 
and social factors that drive private woodland owners (PWOs) management decisions. 
Results from the prevention component of this research established self-efficacy, method 
efficacy, risk, and benefits as key determinants in recreationists’ adoption of LD preventative 
behavior among recreationists. In contrast, tick-related knowledge and experience demonstrated 
no such significant influence. These theory-based findings contradict traditional public health 
practices that have historically focused on awareness-raising education initiatives as a means to 
promote preventative behaviors (Eisen et al., 2012). Such practices are in vain without an 
adequate understanding of how these psychosocial factors are translated into behavior. In 
exploring the theoretical bases of personal preventative behavior, our findings point to 
opportunities for more successful LD intervention practices in the future targeting self-efficacy, 
method efficacy, risk, and benefits 
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Results from the management component of this research demonstrated PWOs’ shared 
interest in LD land management strategies but revealed specific barriers that dissuade PWOs 
from engaging in said strategies on their own non-industrial, small-scale private woodlands. The 
success of LD land management strategies will depend upon the ability and willingness of 
agencies and authorities to address these barriers and help PWOs realize mitigative strategies on 
their own properties. Future prioritization of research focused on addressing LD management 
barriers, will be a critical next step in moving intervention efforts forward. 
The dissemination of this information will help to inform researchers and public health 
officials alike. Nevertheless, this research should be considered exploratory and not a 
comprehensive portrayal of all the important groups of interest when it comes to LD 
management. Further exploration of the human dimensions of LD will inform future education 
and extension initiatives aimed at managing the spread and persistence of the disease in forest 
landscapes across the northeastern United States. Findings from this work should be integrated 
with previously established biological, etiological, and ecological understandings of LD and 
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APPENDIX A: RECREATIONIST QUESTIONNAIRE
 1 
  Section A.  Attitude Towards Ticks and Lyme Disease 
 













There is a high risk that I will be bitten by a tick if I visit nature. 1 2 3 4 5 
If there are ticks around, I am likely to get Lyme disease. 1 2 3 4 5 
My risk of being bitten by a tick is equal to the risk of other 
people. 
1 2 3 4 5 
I believe Lyme disease is a serious condition. 1 2 3 4 5 
I believe Lyme disease is difficult to diagnose. 1 2 3 4 5 
I believe Lyme disease is difficult to cure. 1 2 3 4 5 
If I were to contract Lyme disease, it would have a significant 
impact on my life. 
1 2 3 4 5 
I am afraid of ticks. 1 2 3 4 5 
I am disgusted by ticks. 1 2 3 4 5 
I don’t like to be in areas where I know there are lots of ticks. 1 2 3 4 5 
I avoid areas that may have ticks for fear of developing Lyme 
disease. 
1 2 3 4 5 
I feel worried about ticks after being outside. 1 2 3 4 5 
It really bothers me when communities do not take preventative 
measures towards managing tick populations. 
1 2 3 4 5 
 
 
2. This question is about your attitudes regarding tick bite prevention practices.  Please indicate the extent to which you agree or 













I am less likely to get a tick bite if…      
I wear protective clothing.  1 2 3 4 5 
I use insect repellent.   1 2 3 4 5 
I perform a tick check. 1 2 3 4 5 
I am less likely to get Lyme disease if…      
I wear protective clothing. 1 2 3 4 5 
I use insect repellent. 1 2 3 4 5 






3. Tick bite prevention practices include wearing protective clothing (e.g., long sleeved shirts and pants), using insect repellent, 
and doing tick checks. Please indicate the extent to which you agree or disagree with the following statements. Circle one 












The benefits of adopting tick bite prevention practices are more 
important to me than the inconvenience they may cause.  
1 2 3 4 5 
Adopting tick bite prevention practices is important for my health. 1 2 3 4 5 
I dislike the way protective clothing looks. 1 2 3 4 5 
Protective clothing is too expensive. 1 2 3 4 5 
I often feel too warm when I wear long-sleeve shirts and full-
length pants while recreating. 
1 2 3 4 5 
I am concerned about the toxicity of chemical-based insect 
repellents. 
1 2 3 4 5 
I don’t like the way insect repellent smells or feels on my skin. 1 2 3 4 5 
Doing a tick check takes a lot of time. 1 2 3 4 5 
I dislike having to fully undress to effectively perform a tick 
check. 
1 2 3 4 5 
I find it difficult to perform tick checks on myself. 1 2 3 4 5 
Adopting tick bite prevention practices is difficult. 1 2 3 4 5 
Adopting tick bite prevention practices will make recreation less 
fun. 
1 2 3 4 5 
 
 
Section B. Reasons for Engaging in Tick Bite Prevention Practices 
 
4. This question is about how confident you are in your ability to perform certain actions. Please indicate how confident you are 
that you can perform the actions specified in each statement. Circle one number for each statement.  












Always wear protective clothing when I visit nature. 1 2 3 4 5 
Always apply insect repellent when I visit nature. 1 2 3 4 5 






5. People can have different reasons for adopting tick bite prevention practices. Could you indicate how important the following 










My degree of disgust or fear of ticks. 1 2 3 4 5 
The severity of Lyme disease. 1 2 3 4 5 
The extent to which I feel I am at risk of being 
bitten by a tick when visiting nature.  
1 2 3 4 5 
The benefits of tick bite prevention practices, like 
reducing my risk of Lyme disease exposure. 
1 2 3 4 5 
The disadvantages of tick bite prevention practices, 
like having to wear extra layers of clothing or 
carry tick repellent when in nature. 
1 2 3 4 5 
What people whose opinions are important to me 
think when I engage in tick bite prevention 
practices. 
1 2 3 4 5 
How good I feel about myself when I engage in 
tick bite prevention practices 
1 2 3 4 5 
 
 
6. Please indicate the frequency of your past and future tick bite prevention practices. Circle one number for each statement.  
Last month, when I visited nature I… Never Occasionally Sometimes Usually Always 
Dressed in protective clothing. 1 2 3 4 5 
Used insect repellent. 1 2 3 4 5 
Performed a tick check. 1 2 3 4 5 
 
In the coming month, if I visited nature I would… Never Occasionally Sometimes Usually Always 
Dress in protective clothing. 1 2 3 4 5 
Use insect repellent. 1 2 3 4 5 






Section D.  Trust in information 
 
8. Please indicate the extent to which you agree or disagree with the following statements. Circle one number for each statement.  











Maine Center for Disease Control 1 2 3 4 5 
Department of Agriculture, Conservation and Forestry  1 2 3 4 5 
Maine Medical Center Research Institute (MMCRI) 1 2 3 4 5 
University of Maine 1 2 3 4 5 
Department of Inland Fisheries and Wildlife 1 2 3 4 5 
Portland Press Herald 1 2 3 4 5 
Bangor Daily News 1 2 3 4 5 
 
 


















Section C. Knowledge and Experiences  
 
7. In this section you will be asked about your knowledge and experience with regard to ticks, Lyme disease, and tick bite 
prevention practices. Please indicate whether you think each statement is true or not true. If you do not know the answer, you 
may choose “Don’t Know” as your option. Choose one option for each statement.  
 True False Don’t Know 
Lyme disease is caused by a bacterium that can only be transmitted through 
an infected tick. 
1 2 3 
Lyme disease can lead to nerve disorders, joint problems and/or heart 
problems. 
1 2 3 
If the tick is removed from the skin within 24 hours, the chances of getting 
Lyme disease are reduced. 
1 2 3 
A bulls-eye rash at the site of the tick bite is always present with Lyme 
disease. 
1 2 3 
Ticks are only present in the forest. 1 2 3 
Most cases of Lyme disease occur in late spring and early summer. 1 2 3 
All species of ticks can transmit Lyme disease. 1 2 3 
Maine has the highest rate of new Lyme disease cases per capita. 1 2 3 
Owning a dog or cat increases my risk of Lyme disease exposure. 1 2 3 
I have been bitten by a tick before. 1 2 3 
I have found a tick in my home or on one of my pets before. 1 2 3 
I have lived in an area with Lyme disease before. 1 2 3 
I have Lyme disease or have had it before. 1 2 3 








Section E.  Please provide the following information about yourself. The information you supply will remain completely 
confidential. Thank you. 
 
11. Do you live in Maine?     Yes    No 
 
 
12. If yes, how long have you lived in Maine? _____ years  
 
 
13. If you do not live in Maine, are you from an area where Lyme disease is also present?    Yes    No 
 
 
14. Which gender do you identify with?    Female    Male    Prefer Not to Say 
 
 
15. What year were you born?  __________ (YYYY) 
 
 
16. What is the highest level of education that you have achieved? 
   Grade 8 or less    Some Trade or Technical School    Undergraduate Degree 
   Some High School    Trade or Technical School Degree    Graduate Degree 
   High School Diploma    Some College    Other: ___________________ 
 
 
17. What is your household income level before taxes? 
   <$25,000    $35,000-$49,999    $75,000-$99,999    $125,000-$149,999 
   $25,000-$34,999    $50,000-$74,999    $100,000-$124,999    >$150,000 
 
 
18. On average how often do you visit nature? 
   Daily     Weekly     Monthly    A few times per year 
 
19. On average how much of your day is spent outdoors where you might be exposed to ticks or Lyme disease? 
 Weekdays: ______hours 
 Weekends: ______hours 
 
20. Please describe what you do outdoors (e.g. occupation or hobby)?  __________________ 
 
21. Do you have anything else you would like to share about ticks, Lyme disease, or tick bite prevention practices? 
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APPENDIX B: ORAL SRIPT FOR RECREATIONIST RECRUITMENT 
Hi there, 
 
My name is Katie and I am a researcher at the University of Maine. I’m studying the factors 
influencing individuals’ attitudes, motivations, and behaviors related to Lyme disease. The data 
for this research is being collected through survey responses from individuals like yourself who 
are recreating in local parks. The survey should only take about 10 to 15 minutes to complete and 
your responses will provide important insight into how recreationists feel about Lyme disease 
and engage in preventative measures. Would you be interested in participating in our research 
today? 
If individual is interested in participating:  
Great. Individuals must be 18 years or older to participate in the study. Can you confirm that you 
meet that requirement?  
Participant confirms age requirement is met. 
Wonderful. Before you begin, I’d like for you to review the consent form to better inform your 
participation in the study. 
Participant receives consent form that details age requirement, risks, benefits, confidentiality, 
and contact information. Once they have indicated that they are finished reviewing the consent 
form they will receive a copy of the survey on a clipboard to complete on-site.    
Here is the survey for you to complete. Your answers will be grouped with those of other 
recreationists and your individual responses will be anonymous. I encourage you to answer the 
following questions in a way that accurately reflects your own feelings and beliefs. I will collect 
your survey once you have finished answering the questions.  
If you have any questions or concerns in the meantime, please let me know.  
Participant completes survey and returns to researcher.  





APPENDIX C: RECREATIONIST PARTICIPATION CONSENT FORM 
You are invited to participate in a research project being conducted by Katherine Perry, a Master of 
Science graduate student, and Dr. Carly Sponarski, an Assistant Professor, of the Wildlife, Fisheries, and 
Conservation Biology Department at the University of Maine. The goal of this project is to learn about 
Lyme disease prevention behaviors in Maine. You must be at least 18 years of age to participate.  
What Will You Be Asked to Do?  
If you decide to participate in this survey, you will be asked to submit an anonymous paper survey. It will 
take approximately 10-15 minutes to complete the survey. Once you have finished, we request that you 
return your survey to research personnel.  
Risks  




There will be no direct benefits to you. However, this research will result in a better understanding of the 
social and cognitive factors associated with individual engagement with preventative measures. By 
studying the constructs underlying a variety of health-related behaviors this research aims to provide a 
social-science lens for understanding preventative action in hopes that public health officials and policy 
makers can employ this information to increase the effectiveness and impact of Lyme disease 
management strategies in the future. More broadly, this research will contribute to efforts to reduce the 
burden of Lyme disease on communities such as your own, in the state of Maine and beyond. 
 
Confidentiality   
All survey data will be collected anonymously. The names of participants will not be collected at any 
point in time. Completed questionnaires will be stored in a locked drawer in Ms. Perry’s possession until 
all data from the questionnaires have been transferred from paper copies into an electronic SPSS database. 
Once the data has been electronically archived into SPSS all paper copies of the survey will be destroyed. 
This data transfer and subsequent paper copy destruction process will be completed no later than January 
2020. Dr. Carly Sponarski will maintain this electronic data archive on her password protected computer 
after the completion of the project. Data will also be stored in an SPSS database for data analysis, with 
access only granted to research team members who have IRB permission and training. The survey data 
will be kept indefinitely in an SPSS database.  
 
Voluntary 
Participation is voluntary. If you choose to take part in this study, you may stop at any time. You may 
skip any questions you do not wish to answer. Participating in the survey implies consent to participate.  
Contact Information 
If you have any questions, please contact Katherine Perry at (207) 370-5607 or 
katherine.c.perry@maine.edu. You may also reach Dr. Sponarski at (207) 581-2909 or 
carly.cs@maine.edu. If you have any questions about your rights as a research participant, please contact 














The University of Maine and the United States Department of Agriculture are interested in learning more about the 
factors influencing private landowner’s attitudes, motivations, and behaviors related to Lyme disease and 
land management. Your response will provide important insight into how Maine landowners feel about Lyme 
disease and mitigative land management techniques. 
You were randomly selected from a pool of private landowners in your community to participate in this study. Your 
address was obtained using public tax records, allowing us to contact you for the purposes of this research. We 
request that one person residing in this household who is 18 years of age or older participate in this study. If there 
are several interested residents in the household, the adult with the most recent birthday should complete the 
questionnaire. This questionnaire should take about 30 minutes 
Your participation is voluntary, but it is valuable to our study and we would appreciate your help. I encourage 
you to answer all questions in a way that accurately reflects your own feelings and beliefs. Your answers will be 
grouped with those of other private landowners. At no point will your personal information be collected in 
association with this study.  
 
Thank you in advance for your help with this important study. If you have any questions about the study or need 
help completing your questionnaire, please do not hesitate to contact Katie Perry at (207) 370-5607 or by email at 
katherine.c.perry@maine.edu.  
 








University of Maine 
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Section A.  General Information About Your Land and Your Land Ownership 
 
1. How many acres of land do you currently own on this property? _____ acres 
 
2. How many acres of wooded land do you currently own on this property? _____ acres 
Wooded land includes: 
o Woods, woodlots, timberland, and forests 
o Land at least 1 acre in size, 120 feet wide, and has at least 10% forest cover 
o Land at least 1 acre in size, where trees were removed, and trees will grow again 
Wooded land does NOT include: 
o Christmas tree farms, orchards, or nurseries 
o Land that is mowed for lawn  
 
3. In what year did you, personally, first take ownership of this property?  __________ (YYYY) 
 
4. How did you acquire your land? 
   Purchased 
   Inherited 
   Received as gift 
   Other (please specify):  ____________________________ 
 
5. People can have different reasons for owning wooded land. Could you indicate how important the following reasons are 











To enjoy beauty or scenery. 1 2 3 4 5 
To protect nature or biological diversity. 1 2 3 4 5 
To protect water resources. 1 2 3 4 5 
To protect or improve wildlife resources. 1 2 3 4 5 
For land investment. 1 2 3 4 5 
To raise my family. 1 2 3 4 5 
For privacy. 1 2 3 4 5 
To pass land on to my children or other heirs. 1 2 3 4 5 
For firewood. 1 2 3 4 5 
For timber products, such as logs or pulpwood. 1 2 3 4 5 
For nontimber forest products, such as berries or maple 
syrup. 
1 2 3 4 5 
For hunting. 1 2 3 4 5 
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Section B.  Management of Your Property 
 
1. How many people, including yourself, own this property? __________owners 
 
 
2. Who makes the management decisions, such as whether or not to harvest trees, for your wooded land? 
   I do 
   A family member 
   A business partner 
   A land manager or forester 
   Other (please specify):  ____________________________ 
 
 
3. Harvest practices can vary greatly among private wooded land owners. 
a. Have trees ever been cut or removed from your wooded land since you have owned it? 
   Yes     No     Don’t know  If no or don’t know, skip to question 4. 
 
b. What types of products were cut or removed? Check all that apply. 
   Firewood 
   Logs 
   Wood chips or pulpwood 
   Other (please specify):  ____________________________ 
 
c. Why were the trees cut or removed? Check all that apply. 
   For sale    For personal use      Other ______________________________ 
 
d. Was a professional forester used to plan, mark, contract, or oversee any of the cuts? 
   Yes     No     Don’t know   
 
 
4. On average, what percentage of your household’s annual income comes from the wooded land that you own?  ______% 
 
 
5. Have you talked with anyone or received information/advice from anyone that is not an owner of this property about the 
care, management, and/or protection of your wooded land in the past 5 years? 
   Yes     No     Don’t know   
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7. A management or stewardship plan may be written in order to help you meet your goals for your wooded land. 
 
a. How familiar are you with these types of plans? 
















b. Do you have a written management or stewardship plan for your wooded land? 
   Yes     No     Don’t know  If no or don’t know, skip to Section C. 
 
c. Who wrote it? 
   I did 
   Private consultant forester 
   Forest industry forester 
   Federal government forester 
   Other (please specify):  ____________________________ 
 
d. Have you taken actions to implement the management plan? 
   Yes    No  
 
 
Section C.  Landowner Property Engagement 
 
1. Landowners often engage with their land for management purposes. 
a. Do you personally employ any management strategies on your property? 
   Yes    No    Don’t know  If no or don’t know, skip to question 2. 
 
b. On average, how often do you engage with your property for management purposes? 
   Daily     Weekly     Monthly    A few times per year 
 
 
2. Wooded land is also often used for recreational purposes. 
a. Do you recreate on your wooded land? 
   Yes    No    Don’t know  If no or don’t know, skip to Section D. 
 
b. How do you use your wooded land for recreation? (Check all that apply) 
   Hunting or fishing 
   Hiking/walking 
   Bicycling 
   Camping 
   Horseback riding 
   Skiing or snowshoeing 
   Off-roading vehicles, such as ATVs or snowmobiles 
   Other (please specify): __________ 
 
c. On average, how often do you recreate on your wooded land? 
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Section D.  Attitude Towards Ticks and Lyme Disease on Your Property 
 
1. The following questions are focused on your attitudes towards ticks and Lyme disease as it relates to your property. Please 














There is a high risk that I will be bitten by a tick if I spend time in 
my wooded land. 
1 2 3 4 5 
If there are ticks around on my property, I am likely to get Lyme 
disease. 
1 2 3 4 5 
My risk of being bitten by a tick is equal to that of other 
individuals who do not own wooded land. 
1 2 3 4 5 
I believe Lyme disease is a serious condition. 1 2 3 4 5 
I believe Lyme disease is difficult to diagnose. 1 2 3 4 5 
I believe Lyme disease is difficult to cure. 1 2 3 4 5 
If I were to contract Lyme disease, it would have a significant 
impact on my life. 
1 2 3 4 5 
I am afraid of ticks. 1 2 3 4 5 
I am disgusted by ticks. 1 2 3 4 5 
I don’t like to be in areas on my property where I know there are 
lots of ticks. 
1 2 3 4 5 
I avoid areas on my property that may have ticks for fear of 
developing Lyme disease. 
1 2 3 4 5 
I feel worried about ticks after being in my wooded land. 1 2 3 4 5 
It really bothers me when communities do not take preventative 
measures towards managing tick populations. 
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Section E.  Personal Tick Bite Prevention Practices 
 
Individuals often utilize personal tick bite prevention practices to reduce their chance of exposure to tick bites and 
Lyme disease. 
 
Personal tick bite prevention practices include: 
o Wearing protective clothing (e.g., long sleeved shirts and pants) 
o Using insect repellent 
o Performing tick checks 
 
 
1. The following questions are about your opinion of the effectiveness of personal tick bite prevention strategies. Please 
indicate the extent to which you disagree or agree with the following statements.  
Circle one number for each statement.  
 
When interacting with my wooded land, I am less likely to get a 












Wear protective clothing.  1 2 3 4 5 
Use insect repellent.   1 2 3 4 5 
Perform a tick check. 1 2 3 4 5 
  
When interacting with my wooded land, I am less likely to get 












Wear protective clothing. 1 2 3 4 5 
Use insect repellent. 1 2 3 4 5 
Perform a tick check. 1 2 3 4 5 
 
 
2. This question is about how confident you are in your ability to perform personal tick bite prevention practices. Please 
indicate how confident you are that you can perform the actions specified in each statement.  
Circle one number for each statement.  
 












Always wear protective clothing when spending time in my 
wooded land. 
1 2 3 4 5 
Always apply insect repellent when spending time in my 
wooded land. 
1 2 3 4 5 
Always perform a tick check after spending time in my 
wooded land. 
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3. People can have different attitudes towards personal tick bite prevention practices. Please indicate the extent to which you 













The benefits of adopting personal tick bite prevention practices 
are more important to me than the inconvenience they may cause.  
1 2 3 4 5 
Adopting personal tick bite prevention practices is important for 
my health. 
1 2 3 4 5 
I dislike the way protective clothing looks. 1 2 3 4 5 
Protective clothing is too expensive. 1 2 3 4 5 
I often feel too warm when I wear long-sleeve shirts and full-
length pants while spending time on my wooded land. 
1 2 3 4 5 
I am concerned about the toxicity of chemical-based insect 
repellents. 
1 2 3 4 5 
I don’t like the way insect repellent smells or feels on my skin. 1 2 3 4 5 
Doing a tick check takes a lot of time. 1 2 3 4 5 
I find it difficult to perform tick checks on myself. 1 2 3 4 5 
Adopting personal tick bite prevention practices is difficult. 1 2 3 4 5 
Adopting personal tick bite prevention practices makes spending 
time in my wooded land less enjoyable. 
1 2 3 4 5 
 
 
4. People can have different reasons for choosing to adopt personal tick bite prevention practices. Could you indicate how 











My degree of disgust or fear of ticks. 1 2 3 4 5 
The severity of Lyme disease. 1 2 3 4 5 
The extent to which I feel I am at risk of being bitten by 
a tick when interacting with my wooded land.  
1 2 3 4 5 
The benefits of personal tick bite prevention practices, 
like reducing my risk of Lyme disease exposure. 
1 2 3 4 5 
The disadvantages of personal tick bite prevention 
practices, like having to wear extra layers of clothing or 
carry tick repellent when in nature. 
1 2 3 4 5 
What people whose opinions are important to me think 
when I engage in personal tick bite prevention practices. 
1 2 3 4 5 
How good I feel about myself when I engage in personal 
tick bite prevention practices 
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5. We are interested in learning more about the personal tick bite prevention practices you engage in when spending time 
outdoors on your property. Please indicate the frequency of your past and future tick bite prevention practices.  
Circle one number for each statement.  
 
Last month, after being in the wooded part of my land I … Never Occasionally Sometimes Usually Always 
Dressed in protective clothing. 1 2 3 4 5 
Used insect repellent. 1 2 3 4 5 
Performed a tick check. 1 2 3 4 5 
 
 
In the coming month, after being in the wooded part of my 
land I plan to … Never Occasionally Sometimes Usually Always 
Dress in protective clothing. 1 2 3 4 5 
Use insect repellent. 1 2 3 4 5 
Perform a tick check. 1 2 3 4 5 
 
 
Section F. Knowledge and Experiences  
 
1. In this question you will be asked about your knowledge and experience with regard to ticks, Lyme disease, and tick bite 
prevention practices. Please indicate whether you think each statement is true or not true. If you do not know the answer, 
you may choose I don’t know as your option. Choose one option for each statement.  
 
 True False Don’t Know 
Lyme disease is caused by a bacterium that can only be transmitted through an 
infected tick. 
1 2 3 
Lyme disease can lead to nerve disorders, joint problems and/or heart problems. 1 2 3 
If the tick is removed from the skin within 24 hours, the chances of getting Lyme 
disease are reduced. 
1 2 3 
A bulls-eye rash at the site of the tick bite is always present with Lyme disease. 1 2 3 
Ticks are only present in the forest. 1 2 3 
Most cases of Lyme disease occur in late spring and early summer. 1 2 3 
All species of ticks can transmit Lyme disease. 1 2 3 
Maine has the highest rate of new Lyme disease cases per capita. 1 2 3 
Owning a dog or cat increases my risk of Lyme disease exposure. 1 2 3 
I have been bitten by a tick before. 1 2 3 
I have found a tick in my home or on one of my pets before. 1 2 3 
I have Lyme disease or have had it before. 1 2 3 
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Section G.  Lyme Disease and Your Property   
 
1. Private wooded land owners often receive information/advice pertaining to specific land management goals such as 
invasive plant management, wildlife conservation, etc.  
a. Have you ever received any information/advice pertaining to Lyme disease on your property? 
   Yes    No    Don’t know  If no or don’t know, skip to question 2. 
 
b. How did you receive this information/advice pertaining to Lyme disease? Check all that apply. 
   Spoke to someone 
   Someone visited my land 
   Received a brochure or other written material 
   From the internet 
   Email/E-newsletter 
   Attended a conference or workshop. 
   Other (please specify): __________ 
 
c. Who did you receive this information/advice pertaining to Lyme disease from? Check all that apply. 
   State or local government employee 
   Federal government employee 
   Extension forester or other university employee 
   Private consultant or other forest industry professional 
   Non-profit organization 
   Another landowner 
   Family member or friend 
   Other (please specify): __________ 
 






2. How concerned are you about Lyme disease on your property? 
 
















3. Are you aware of any management strategies aimed at reducing Lyme Disease on wooded land? 
   Yes     No 
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Section H.  Lyme Disease Management Strategies 
 
1. The following scenarios are about the acceptability of common Lyme disease management strategies. Please indicate the 
extent to which you disagree or agree with the following statements. Circle one number for each statement. 
 












Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
Politically attractive 1 2 3 4 5 
 
 
Physically removing small mammals (e.g. mice, voles, 











Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
Politically attractive 1 2 3 4 5 
 
 
Increasing native predators like red foxes on my 











Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
























Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
Politically attractive 1 2 3 4 5 
 
 
Changing forestry practices on my woodlot to reduce 











Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
Politically attractive 1 2 3 4 5 
 
 
Increasing educational outreach at schools throughout 











Effective 1 2 3 4 5 
Environmentally safe 1 2 3 4 5 
Safe for human health 1 2 3 4 5 
Practical 1 2 3 4 5 
Socially acceptable 1 2 3 4 5 
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2. Landowners have different attitudes towards Lyme disease prevention and intervention management strategies. Please 













I believe that Lyme disease prevention and intervention strategies 
are an effective way to mitigate the impacts of Lyme disease.  
1 2 3 4 5 
I find land management information related to Lyme Disease 
prevention and intervention to be widely available and accessible. 
1 2 3 4 5 
I am confident in my ability to employ Lyme disease prevention 
and intervention strategies correctly on my property.   
1 2 3 4 5 
I am concerned about the cost of employing Lyme disease 
prevention and intervention strategies on my property. 
1 2 3 4 5 
I am concerned about the time and labor associated with Lyme 
disease prevention and intervention strategies on my property. 
1 2 3 4 5 
I am worried about how others will perceive me if I employ Lyme 
disease prevention and intervention strategies on my property 
1 2 3 4 5 
Lyme disease prevention is not a land management objective I’m 
interested in pursuing. 




3. Landowners can have different reasons for adopting Lyme disease prevention and intervention management strategies on 











Reducing my risk and/or my family’s risk of Lyme 
disease exposure. 
1 2 3 4 5 
Reducing forester and logger risk of Lyme disease 
exposure. 
1 2 3 4 5 
Reducing my community’s risk of Lyme disease 
exposure.  
1 2 3 4 5 
Reducing the risk of Lyme disease for future 
generations. 
1 2 3 4 5 
Alleviating the economic stress of Lyme disease in the 
state of Maine. 
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Section I.  Trust in Information 
 
1. Please indicate the extent to which you disagree or agree with the following statements.  
Circle one number for each statement.  
 











Maine Center for Disease Control 1 2 3 4 5 
Department of Agriculture, Conservation and Forestry  1 2 3 4 5 
Department of Inland Fisheries and Wildlife 1 2 3 4 5 
University of Maine 1 2 3 4 5 
Maine Medical Center Research Institute (MMCRI) 1 2 3 4 5 
Federal agencies (e.g., CDC, USDA) 1 2 3 4 5 
Portland Press Herald 1 2 3 4 5 
Bangor Daily News 1 2 3 4 5 
 


















5. Who do you feel should be involved with/responsible for developing a comprehensive response plan to address 
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Section J.  Lyme Disease in a Changing Environment 
 
1. How concerned are you about climate change and its effects on Lyme disease? 
 
















2. How concerned are you about land use change and its effects on Lyme disease? 
 
















3. Would you prefer that Maine develops a comprehensive response plan for Lyme and tick-borne diseases that: 
 
Mostly addresses climate 
change/land use issues 
  
 Addresses climate change/land use 
and public health issues equally 
  




4. Do you have anything else you would like to share about ticks, Lyme disease, tick bite prevention practices, your wooded 















Section K.  Please provide the following information about yourself. The information you supply will remain 
completely confidential. Thank you. 
 
1. Which gender do you identify with?    Female    Male    Other     Prefer Not to Say 
 
2. What year were you born?  __________ (YYYY) 
 
3. What is the highest level of education that you have achieved? 
   Grade 8 or less    Some Trade or Technical School    Undergraduate Degree 
   Some High School    Trade or Technical School Degree    Graduate Degree 
   High School Diploma    Some College    Other: ___________________ 
 
4. What is your household income level before taxes? 
   <$25,000    $35,000-$49,999    $75,000-$99,999    $125,000-$149,999 
   $25,000-$34,999    $50,000-$74,999    $100,000-$124,999    >$150,000 
 
5. On average how often do you visit nature? 
   Daily     Weekly     Monthly    A few times per year 
 
6. Please describe what you do outdoors (e.g. occupation or hobby)?  __________________ 
 
7. You received this survey using a delivery method called drop-off/pick-up, meaning that researchers dropped off a survey 
packet and will return to pick up the completed survey from your home at a later date.  
a. Which of the following survey methods do you prefer? 
   This drop-off/pick-up method 
   A mail survey: researchers deliver a survey to your home via the mail and ask you to return the survey 
using a return post-marked envelope provided 
   An internet survey emailed to me 
   A phone survey 
   Other (please specify):  ____________________________ 
 






Thank you for your participation! 
If you have any questions or need another questionnaire, please do not hesitate to contact me by 








Earlier this week a questionnaire was dropped off at your household as part of 
a study on Lyme disease and land management. If you have already 
completed and returned the questionnaire, we sincerely appreciate your 
contribution to this research. If you have yet to complete the questionnaire, 
please do so as soon as possible. 
When you have completed the questionnaire, please seal it in the envelope 
provided and hang it on your front door in the plastic doorknob bag. 
A research assistant will be back to collect your completed 
questionnaire on ________ between the hours of  ______ and ______.
Thank you for your cooperation with this important study. Your responses will 
help us to better understand how private landowners in the state of Maine feel 
about Lyme disease and its management. If you have any questions or need 




















I am reaching out to follow up on your participation in the Lyme disease and 
land management study as we have yet to receive your completed 
questionnaire. If you have already completed the questionnaire, we sincerely 
appreciate your contribution to this research. If you have yet to complete the 
questionnaire, please do so as soon as possible. 
When you have completed the questionnaire, please seal it in the 
postmarked envelope provided and place it in your mailbox for return. 
Thank you for your cooperation with this important study. Your responses will 
help us to better understand how private landowners in the state of Maine feel 
about Lyme disease and its management. If you have any questions or need 
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